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Introduction 

This Appeal Brief is submitted pursuant to applicant's appeal from a Final 
Rejection of claims 1-5, 25 and 27 dated December 31, 2002. A Notice of Appeal was filed on 
June 3, 2003. The enclosed Credit Card Payment Form includes the prescribed fee. In the event 
of underpayment or overpayment please apply any additional charges or refunds to USPTO 
Deposit Account Number 500715. Three copies of the Appeal Brief are provided herewith. 

Extension of Time 

Petition is hereby made under the provisions of 37 CFR 1.136(a) for an extension 
of four months of the period for filing this Appeal Brief The enclosed Credit Card Payment 



1 



PAGE 1/75*RCVD AT 11/26/2003 2:26:02 PM [Eastern Standard Time] 1 SVRiUSPTOffXRF-^ 1 DNIS:8729307 1 CSID:4166672459 ' DURATION (mm-ss):2646 



11/26/2003 14:30 FAX 4166672459 A VENT IS PASTEUR LIMITED @002 



Form includes the prescribed fee. In the event of underpayment or overpayment please apply any 
additional charges or refunds to USPTO Deposit Account Number 500715. 

(1) Real Party of Interest 

The real party of interest with respect to this patent application is Aventis Pasteur 
Limited. Assignments from the inventors to Aventis Pasteur Limited are recorded at Reel 
013317/0711, 0724 and 0733 on September 20, 2002. 

(2) Related Appeals and Interferences 

The appellants, the appellants' legal representatives and assignee, are unaware of 
any pending appeals or interferences which will directly affect or be affected by or have a 
bearing on the Board's decision in the pending appeal. 

(3) Status of Claims 

This application was filed with claims 1-26. In the response dated September 25, 
2002 to the Office Action of March 27, 2002 claims 6-24 and 26 were cancelled, claim 25 
amended, and new claim 27 added. 

Claims 1-5, 25 and 27 were finally rejected in an Office Action dated December 
31, 2002. Claims 1-5, 25 and 27 are pending and the subject of this appeal and appear in 
Appendix I hereto. 

(4) StatUS Of Am^ndniftiik 

This application was filed with claims 1-26. Claims 1-5, 25 and 27 are pending 
and no amendments were filed subsequent to this final rejection. 

(5) Summary of Invention 

The present invention is directed to an immunogenic composition for conferring 
protection in a host against disease caused by Haemophilus influenzae, including otitis media. 
The composition comprises at least two different antigens of Haemophilus influenzae, at least 
one of which antigens is an adhesin (claim 1) and wherein said adhesin is a high molecular 
weight (HMW) protein of a non-typeable strain of Haemophilus influenzae, (claim 2), 
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particularly an HMW 1 or HMW 2 protein of the non-typeable strain (claim 3), and said antigen 
which is not an adhesin is a non-proteolytic heat shock protein of a strain of Haemophilus 
influenzae (claim 4) and wherein the heat shock protein is an analog of Haemophilus influenzae 
Hin47 protein having a protease activity which is less than about 10% of that of the natural 
Hin47 protein (claim 5). The invention is further directed to compositions where the HMW 
protein is recombinantly produced and said antigen which is not an adhesin is an analog of 
Haemophilus influenzae Hin47 protein having a decreased protease activity which is less than 
about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 91 is 
replaced by Alanine (claim 27). The present invention is further directed to a method of 
immunizing a host against disease caused by infection with H. influenzae (claim 25). 

(6) Issues 

The issues for consideration is the rejection of, claims 1-5 and 25 under 35 U*S.C. 
112 1 st paragraph and claims 1-5, 25 and 27 under U.S.C. 103(a) as being unpatentable over 
Barenkamp et al in view of Loosmore et al. 

(7) Grouping of Claims 

All claims do not stand or fall together, but rather each claim is individually 

patentable. 

(8) Argument 

(a) Background to the Invention 

Haemophilus influenzae is the cause of several serious human diseases, such as 
meningitis, epiglottitis, septicemia and otitis media. There are six serotypes of H influenzae, 
designated a to f, that are identified by their capsular polysaccharide. H influenzae type b (Hib) 
was a major cause of bacterial meningitis until the introduction of several Hib conjugate vaccines 
in the 1980's. Vaccines based upon K influenzae type b capsular polysaccharide conjugated to 
diphtheria toxoid, tetanus toxoid, or Neisseria meningitidis outer membrane protein have been 
effective in reducing H influenzae type b-induced meningitis- The other serotypes of H 
influenzae are associated with invasive disease at low frequencies, although there appears to be 
an increase in the incidence of disease caused by these strains as the incidence of Hib disease 
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declines. Non-encapsulated or non-typeable H. influenzae (NTHi) are also responsible for a wid 
range of human diseases including otitis media, epiglottitis, pneumonia and tracheobronchitis. 
The incidence of NTHi induced disease has not been affected by the introduction of the Hib 
vaccines. 

Otitis media is the most common illness of early childhood, with 60 to 70% of all 
children, of less fr** 2 years of age, experiencing between one and three ear infections. Chronic 
otitis media is responsible for hearing, speech and cognitive impairments in children. H. 
influenzae infections account for about 30% of the cases of acute otitis media and about 60% of 
chronic otitis media. In the United States alone, treatment of otitis media costs between 1 and 2 
billion dollars per year for antibiotics and surgical procedures, such as tonsillectomies, 
adenoidectomies and insertion of tympanostomy tubes. It is estimated that an additional $30 
billion is spent per annum on adjunct therapies, such as speech therapy and special education 
classes. Furthermore, many of the causative organisms of otitis media are becoming resistant to 
antibiotic treatment. An effective prophylactic vaccine against otitis media is thus desirable. 

(b) The Present Invention 

Having regard to the above Background, it would be desirable to provide 
efficacious combination vaccines comprising H. influenzae components containing selected 
relative amounts of selected antigens. The present invention provides an immunogenic 
composition for conferring protection in a host against disease caused by infection with H. 
influenzae, including otitis media. 

The immunogenic composition comprises at least two different antigens ofH. 
influenzae, one of which is a high molecular weight (HMW) protein of a non-typeable strain of 
Haemophilus influenzae at least one of which is an adhesin as claimed in claim 1, -and all claims 
dependant thereon. 

Claim 2 recites that the adhesin is a high molecular weight (HMW) protein of a 
non-typeable strain ofK influenzae. Claim 3 recites that the HMW protein is a HMW 1 or 
HMW 2 protein of a non-typeable strain of H influenzae. Claim 4 recites that the antigen which 
is not an adhesin is a non-proteolytic heat shock protein of a non-typeable strain of H. influenzae. 
Claim 5 recites that the heat shock protein is an analog of Haemophilus influenzae Hin47 protein 
having a protease activity which is less than about 10% of that of the natural Hin47 protein. 
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Claim 27 farther recites that the Hin47 protein having a decreased protease activity which is less 
than about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 
91 is replaced by Alanine, The applicants data supports such results* 

(c) Rejection of claims 1-5 and 25 under 35 U.S.C. 1 12 1 st paragraph . 

The HMW proteins are described in Barenkamp et al cited by the Examiner in the 
prior art rejection while the Hin47 analogs are described hi the Loosmore et al reference cited by 
the Examiner in the prior art rejection. In the Barenkamp et al reference* there is described both 
the isolation of the HMW protein from natural-source materials and recombinant production. It is 
submitted, that the enablement is not limited to recombinantly-produced HMW protein. 

In the Loosmore et al reference, there is described the manner of producing the 
non-proteolytic analog of Hin47 protein. In this respect, at least one amino acid contributing to 
protease activity is deleted or replaced by a different amino acidL The Loosmore et al reference 
describes how to identify such amino acid by comparison to known proteases. The reference 
specifically describes that the deleted or replaced amino acid may be selected from amino acids 
195 to 201 and specifically describes replacement of Serine- 197 with alanine, other specific 
amino acid mutations described are Histidine-91 replaced with alanine, and lysine or arginine- 
121 replaced with alanine. The immunogenic properties of these various mutants are described in 
Loosmore et al. Based on this information, there is no reason to suppose that any other non- 
proteolytic analog would not also function in the same manner as the specific H9IA Hin47 
analog utilized in the experiments described in the application ( page 1 8 lines 4-12). It is 
submitted that enablement is not limited to the specific H91 A Hin47 analog, but rather extends at 
least to any non-proteolytic analog of the Hin47 protein. The Examiner indicates that the 
objection of lack of enablement is based, to some extent, upon lack of guidance as to how to 
determine compositions other than that specifically identified by the Examiner. It is submitted 
that such is not the case. 

Specifically, the specification tells a person skilled in the art that two different 
antigens of Haemophilus influenzae are employed and that one of them has to be an adhesin and 
the other does not Testing to determine if an antigen is an adhesin or not an adhesin is within the 
skill of the art. In this regard, the Examiner's attention is directed to the experimentation 
described in Barenkamp. 
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In addition, the person skilled in the art is advised that one such adhesin protein is 
the HMW protein, where that is described and how to produce it both from natural-source 
materials and recombinantly (see page 2, line 23 to page 3, line 23). In addition, the person 
skilled in the art is advised that one such nonadhesin protein is a non-proteolytic analog of Hin47 
protein or other non-proteolytic heat shock protein and how to produce such an analog (see page 
3, line 14 to page 3 line 31), 

Furthermore applicants have given guidance to one skilled in the art to test if a 
composition is an immunogenic composition (see example 4 pages 1 8 to 20 of the present 
application). 

Having regard to the foregoing discussion, it is submitted that claims 1 to 5 and 25 are fully 
enabled by the disclosure. 

(d) Rejection of claims 6-24 under 35 USC 103(a) . 

Claims 1 to 5, 25 and 27 have been finally rejected under 35 USC 103(a) as being 
unpatentable over Barenkamp (WO 97/36914) in view of Loosmore et al (US Patent 5,506,139). 

Claim 1 defines an immunogenic composition for conferring protection in a host 
against disease caused by Haemophilus influenzae comprising at least two different antigens of 
Haemophilus influenzae. 

- one of which antigens is an adhesin 

- the other of which antigens is not an adhesin. 

The Examiner has identified Barenkamp et al as describing a Haemophilus 
influenzae protein which is an adhesin and Loosmore as describing a Haemophilus influenzae 
protein which is not an adhesin. The applicants position is that neither reference provides the 
motivation to combine the two immunogens in a single composition, as required by claim 1 . 

Barenkamp teaches high molecular weight proteins of non-typeable H. influenzae 
identified as HMW1 , HMW2, HMW3 and HMW4, which are characterized by molecular weight 
and sequence information. Loosmore et al teach an analog of H influenzae Hin47 protein with 
reduced protease activity. It is submitted that these references lack any motivation to combine 
two different antigens of H influenzae, namely a non-proteolytic Hin47 protein of Loosmore et 
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al with the HMW proteins of Barenkamp et al in an immunogenic composition. It is the 
applicants position that neither reference provides the motivation to combine the two- . 
inununogens in a single composition as required by claim 1 , and by dependency all claims on 
appeal. 

While suggesting various combinations, there is no suggestion here to combine 
different proteins derived from the same pathogen, as in applicants claim 1 . Again, the references 
are silent as to any specific combination contemplated. 

The cited prior art lacks the motivation to do so. There are vague, non-specified 
indications in both references to combine other components with the specific immunogen, but 
there is no specific indication as to what that other component may comprise, other than an 
adjuvant or materials from the pathogens and/or materials from various strains of the same 
pathogen. 

As the Examiner has pointed out, on page 49, lines 1 5 to 1 9 of Barenkamp, it is 

stated: 

" .... the data suggests the HMW adhesin proteins are potentially important 
protective antigens which may comprise one component of a multi-component 
NTHI vaccine." 

This passage appears to suggest that only Haemophilus proteins which are the HMW adhesin 
proteins are appropriate components. The non-proteolytic analog of Hin47 is noj an adhesin 
(although initially thought to be adhesin, see col. 2, line 1 7 of Loosmore et al). (It is pointed out 
that the Examiner is incorrect in the statement that the adhesin protein "should" comprises one 
component of the NTHI vaccine. As can be seen from the above quotation, Barenkamp uses the 
wojd **may M ). 

Even if the Examiner finds motivation in this passage of Barenkamp to combine 
the HMW protein with another Haemophilus antigen, whether an adhesin or not, such motivation 
still provides no motivation to select the non-proteolytic Hin47 analog as the other Haemophilus 
antigen. 

There have been a significant number of Haemophilus proteins identified as 
vaccine candidates besides the HMW and Hin47 analog proteins. These proteins include the 
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various outer membrane proteins A to H, lactoferrin and transferrin receptor protein and the P 1 , 
' P2, P6 and Dl 5 proteins. It is submitted that there is no motivation provided by the cited prior art 
why a person skilled in the art would specifically select from all the optional possibilities, the 
non-proteolytic Hin47 analog to specifically combine with the HMW protein. 

The Examiner states in the Office Action, quoting In re Kerkhoven, that: 

"The idea of combining them flows logically from their having been individually 
taught in the prior art." 

The "idea of combining them" does not explain why the two materials should be combined when 
there is selection avaUable. If the two antigens were the only two known antigens of 
Haemophilus influenzae, then there may be some validity to the position taken by the Examiner, 
but this is clearly not the case here. 

In any event, caution is required when considering combining different antigens 
into immunogenic compositions because of the danger of impairment of the immunogenicity of 
the individual components one by the other. As may be seen from Applicants data, in Figure 3, 
immunogenic compositions are provide in which there is no impairment of individual antigenic 
components. 

Furthermore, these results are unexpected in the field of combination vaccines. 
There is little expectation of success that simply mixing existing vaccine antigens will not result 
in ^compatibilities amongst the various antigens, resulting in loss of stability or reduced potency 
or indeed a synergistic effect increasing potency. Immune interference cannot be predicted. 
Others skilled in the art of combination vaccines have found that the preparation of combination 
vaccines is far from straight forward. For example Cauldfleld et al (2001) report on the need for 
a balanced formulations of vaccine components in the preparation of DTP combination vaccines 
to circumvent interference with the components. Van den Bosch et al (2003) have also reported 
that the addition of a potential antigen (Pal A) fcomActinobacillus pleuropneumonia can 
completely eliminate the positive efficacy of known antigens (Apxl and II) when combined (see 
abstract). 

For all these reasons, it is submitted that claims 1 to 5, 25 and 27 are patentable 
over the applied art and the rejection thereof under 35 USC 103(a) as being unpatentable over 
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Barenkamp in view of Loosmore et al. cannot be sustained. 
Summary 



Having regard to the above detailed discussion, it is submitted that the Examiner 



is in error in rejecting claim 1 to 5, 25 and 27 as being unpatentable under 35 USC 112 1 st 
paragraph and the rejection under 35 USC 103(a) as being unpatentable over the combination of 
Barenkamp in view of Loosmore et al s should be REVERSED. 

Respectfully submitted, 



Gavin R. Zealey 
Reg. No. 39,475 
Customer No. 033444 
Toronto, Ontario, Canada, 
TEL No. (416) 667-2854 
FAX No. (4 16) 667-2459 
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(9) APPENDIX I 

CLAIMS APPEALED (09/857.843^ 

1 . An immunogenic composition for conferring protection in a host against disease caused 
by Haemophilus influenzae, comprising: 

at least two different antigens of Haemophilus influenzae, at least one of which antigens 
is an adhesin. 

2. The immunogenic composition of claim 1 wherein said antigen which is an adhesin is a 
high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
influenzae. 

3* The immunogenic composition of claim 2 wherein said HMW protein is a HMW 1 or 
HMW2 protein of the non-typeable strain of Haemophilus influenzae. 

4. The immunogenic composition of claim 1 wherein the antigen of Haemophilus influenzae 
which is not an adhesin is a non-proteolytic heat shock protein of a strain of Haemophilus 
influenzae, 

5. The immunogenic composition of claim 4 wherein the non-proteolytic heat shock protein 
of a strain of Haemophilus influenzae is an analog of Haemophilus influenzae Hin47 
protein having a decreased protease activity which is less than about 1 0% of that of 
natural Hin47 protein. 



25. A method of immunizing a host against disease caused by infection with Haemophilus 
influenzae, including otitis media* which comprises administering to the host an 
immunoeffective amount of a composition as claimed in claim L 

27. The composition of claim 1 wherein said antigen which is an adhesin is a recombinantly- 
produced high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
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influenzae and said antigen which his not an adhesin is an analog of Haemophilus 
influenzae Hin47 protein having a decreased protease activity which is less than about 
10% of that of natural Hin47 protein, in which Histidine-91 is replaced by alanine. 
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Abstract 

Preclinical immunogenicity studies were conducted in rhesus monkeys to determine whether there is immune interference in the 
response to one or more components of a hexavalent vaccine (Hexavac™) that contains antigens from Haemopliihis influenzae. 
(Hib) 7 hepatitis B (HB), diphtheria (D), tetanus (T), acellular pertussis (aP) and inactivated polio virus (IPV). Antibody responses 
were measured following co-administration of the components at three separate anatomical sites or administration as a hexavalent 
combination in a single site. After three injections of the hexavalent vaccine, the peak antibody responses to each component of 
the vaccine were > 100-fold above pre-immune titers and persisted at levels > 10-fold above pie-immune titers at ^ 1 year. 
Immune interference was observed in the peak response to HB, D and pertussis toxin, but was not seen at later time points. The 
results indicate that the rhesus monkey model may be useful for prc-clinical evaluation of combinatjon vaccines. © 2000 Elsevier 
Science Ltd. All rights reserved. 

Keyword* Combination vaccine; immune Interference; Antigen competition; Non-human primate 



1. Introduction 

The rationale for the development of combination 
vaccines has been discussed in recent publications [1- 
3). The main benefits are to enhance compliance and 
vaccine coverage and to reduce overall healthcare costs. 
An added benefit is to 'make room' in the pediatric 
vaccination schedule for new vaocmes projected for the 
new millennium [4], : However 1 . experience has ; 
\that die preparation of combination vaccines is far: 
(from ^^^^jiormi.. Toting the development of the 
DTP combination vaccine, the need for ^balanced 1 for- 
mulations of vaccine components was recognized [5] 
and careful dose-ranging of the three serotypes of the 
oral poliovirus vaccine (OPV) was required in order to 
circumvent interference of the type 2 strain on the 
immune response to types 1 and 3 [6]. The main 



♦Corresponding author. Tel.: + 1-215-6523402: fax: + 1-215- 
6522142. 

E-mail address; mtehiiel_caulfield@mcrck.com (MJ. Caulfield). 
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impediments to the development of combination vac- 
cines are stability and mmiTmogetucity. Simply mixing 
existing vaccines can result in incompatibilities among 
the various antigens, adjuvants, preservatives, stabiliz- 
ers and excipients, resulting in a loss of stability or 
reduced potency [7], A further confounding factor is 
that of immune interference (also known as antigen 
competition) which may not always be predicted using 
animal models. Antigenic competition was first de- 
scribed by Michaclis in 1904 [8), but is still poorly 
understood. 

The objective of the present preclinical immunogenic- 
ity studies of Hexavac™ was to detennine the antibody 
response to vaccine component antigens at various 
times after immunization and to compare the response 
to the hexavalent vaccine with that induced by adminis- 
tration of Hib, HB and DTaP-IPV at separate 
anatomic sites. The results indicate that there was a 
significant difference between experimental and control 
arms in th peak responses to HB, D and PT, These 
differences fade with time and there was no significant 
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difference in the response to any vaccine component 
tested at 48-51 weeks post-dose 1. Overall, strong 
antibody responses were induced to each component of 
Hexavac™ in rhesus monkeys. 



2. Materials and methods 

2A* Experimental animals 

The rhesus monkeys (Macaca mulata) used in this 
study were born at the California Regional Primate 
Center at the University of California at Davis and all 
immunizations and blood collection procedures were 
performed at that site. Some monkeys were housed 
outdoors in social groups, whereas others were main* 
tained indoors, in pairs. Those maintained indoors had 
a 12:12 h Hghtdark cycle within a temperature range of 
5*j17-29°C Animals were all fed Purina Monkey 
Chow, 15% protein with fresh produce supplements 
two to three times per week. Monkeys were identified 
by tattoos containing unique numbers. The study pro- 
tocol was approved by the Institutional Animal Care 
and Use Committee (1ACUQ. 

Z2. Vaccine composition 

The hexavalent vaccine consisted of Hib capsular 
polysaccharide (polyribosyl ribitol phosphate) conju- 
gated to tetanus toxoid (PRP-T), hepatitis B (HB), 
surface antigen (HBsAg), diphtheria toxoid (D), tetanus 
toxoid (T), pertussis filamentous hemagglutinin (FHA), 
pertussis toxoid (PT) and three serotypes of inactivated 
poliovirus (IPV) formulated with aluminum adjuvants. 
Each 0.5 ml dose contained 12 ug PRP-T (expressed in 
polyoside), 5 ug HBsAg, 30 Lf D, 10 Lf T, 25 ug FHA, 
25 ug PT, IPV type 1 (40 D-Ag U), type 2 (8 D-Ag U) 
and type 3 (32 D-Ag U). 

2.3. Vaccination I schedule 

One group of rhesus monkeys was immunized with 
half of the human pediatric dose of the hexavalent 



combination vaccine (Hexavac™) into a single utL site, 
while a second cohort (control group) of monkeys was 
injected with half of the human dose of PRP-T (Ac- 
tHIB*), HBsAg (RECOMBIVAX HB*) and DTacP- 
IPV at three separate i.m. sites at 0, 4 and 8 weeks, 
according to the protocol shown in Table 1. The mon- 
keys were weighed at each time point and examined for 
injection site reactions after each dose of vaccine. In 
addition, blood samples collected at each time point 
were monitored for changes in white cell, red cell and 
platelet levels. 

2.4. Serological assays 

Sera were collected at week 0, 4 1 8, 10 and 48-51 and 
tested individually for antibody titers against PRP, 
HBsAg, D, T, FHA and PT. Due to a shortage of sera, 
serology was not performed to detect antibodies against 
poliovirus. Anti-PRP (component of Hib) antibody 
titers were measured using a Fair-type radioim- 
munoassay (RIA), as previously described [9,10]; re- 
sponses to HB were determined using . a modified 
Ausab® assay (Abbott Laboratories, N, Chicago, IL), . 
as described elsewhere {11]. Antibodies against FHA 
[12] and antibody titers against T were measured by 
ELISA {13). Diphtheria toxoid antibody titers were 
assayed by using a neutralization test in comparison to 
a WHO antitoxin standard [14]. PT antibody titers were 
also determined by a toxin neutralization test on CHO 
cell culture [15]. The results are expressed as geometric 
means. The assays used were originally validated for 
analysis of human samples and adapted for testing 
monkey serum without further analytical validation. 

2.5. Statistical analysis 

At each time point, the estimated GMT ratio for the 
experimental vaccine group relative to the control 
group (Hexavac™/Hib + HB + DTaP-IPV) and corre- 
sponding two-sample 99% confidence interval for the 
true GMT ratio are calculated for the response to each 
antigen, assuming unknown but equal variances be- 
tween the two groups. If a particular interval excludes 



Table 1 

Protocol for preclinical immunygcnicity testing of Hexavac™ in rhesus monkeys 

Group it Age at dose 1 Vaccine Injection schedule (weeks) m Bleeding. Bchedule (weeks) 

(months) 



1 8° 6-12 Hexavuc™" 0, 4, 8 0, 4, 8, 10, as 50 

2 8 4.8-10.5 ActHlB u0 + RECOMBIVAX 0. 4. 8 0, 4, 8, 10, te50 

HB^+DTaP-lPV* 



0 Injection volume of 0.25 ml m one intramuscular site. 

** injection in three separate intramuscular sites (0*25 ml each). 

c Serum samples from six of eight monkeys were available at the week se 50 time point. 
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the value 1, the corresponding comparison between 
Hexavac™ and Hib + HB + DTaP-IPV is statistically 
significant: otherwise, it is not. The reason for using a 
99% confidence level instead of the usual 95% 1 vel is to 
control the overall false^positive rate (per antigen), 
which is defined as the probability that at least one of 
the confidence intervals will exclude the value 1 by 
chance alone [16]- 



3. Results 

3.L Serum antibody response to vaccination 

Antibody titers tp each component of the vaccine 
(except IPV) were measured at week 0, 4, 8, 10 and 
48-50 using sera from individual animals (Fig. 1). At 
week 4 (post-dose 1), there were no significant differ- 
ences between groups in antibody titers to any of the 
antigens tested* Similarly, at week 8 (4 weeks post-d ose 
2), there were no significant differences among groups 
with the exception of the response to HB, which was 
significantly higher in the control group compared with 
the monkeys injected with the hexavalent combination. 
As shown in Table 2 ? at the 10-week time point (2 
weeks post-dose 3), there was a significantly higher 
response to three of the vaccine components (HB, D 
and pertussis toxin) in monkeys immunized with sepa- 
rate injections of Hib + HB + DTaP-IPV compared 
with the response of monkeys immunized with the 
hexavalent combination vaccine. Importantly, at the 
final time point (week 48-51), which is 38-41 weeks 
post-dose 3, there was no significant difference in the 
response to any component of the vaccines. 

3.Z Response rate to vaccination 

The percentage of responders to components of the 
vaccine was determined at each bleed time point. In the 
absence of established 'seroprotective titers' for rhesus 
monkeys, the accepted human equivalents were used as 
shown in the legend to Table 3, For pertussis, there is 
no proven correlate of protection established for hu- 
mans, therefore, the percentage of seroconverters was 
used instead. As shown in Table 3, there was no 
difference in the response rate to vaccination with 
Hexavac™ compared with separate site administration 
of Hib + HB 4- DTaP-IPV except for the response to 
HB at the 8-week time point. At that time, only 37% 
(3/8) monkeys responded to Hexavac™ whereas 100% 
(8/8) responded to the control. These results are consis- 
tent with the analysis of the serological titers that 
showed a significant difference in anti-HBs titers at this 
time. 



3.3, Adverse event monitoring 

Animals were monitored for . changes in weight or 
blood cell counts as well as for injection site reactions. 
No adverse reactions were noted at the site of injection 
at any time point and there was no adverse effect of 
Vaccination on the weight or blood cell counts of any 
animals (data not shown). 



4. Discussion/conclusion 

The results from the present pre-clinical evaluation of 
Hexavac™ indicate that there was a vigorous response 
to each component of the vaccine. Even so, there was 
evidence for interference in the peak response to HB, D 
and pertussis toxoid when the responses to Hexavac™ 
were compared with the control group. Four types of 
immune interference (antigen competition) have been 
described: (a) sequential; (b) intramolecular; (c) in- 
travirionic; and (d) intermolecular competition, 

• Sequential competition occurs when a second anti- 
. gen (or vaccine) is given shortly after a first antigen 

(or vaccine) [17]. This form of interference is espe- 
cially relevant to vaccine dosing schedules. 

• Intramolecular competition results from competition 
among peptides derived from the same protein for 
binding to MHC Class I or Class II molecules [18]. 

• Intravirionic competition results when one protein 
antigen within a virus interferes with the response to 
a second protein antigen within the same virus [19], 
This form of antigen competition can be circum- 
vented by dissociation of the virus into its compo- 
nent parts prior to immunization. 

• Intermolecular competition results when one antigen 
in a mixture interferes with the immune response to 
a second antigen in a mixture [17,20]. This form of 
interference is most relevant to the present investiga- 
tion; however, the mechanism by which this happens 
is unknown. One possibility is that one or more 
components within the combination vaccine become 
unstable, perhaps due to excipients carried over into 
the vaccine with a separate component. However, 
extensive stability studies have been performed on 
Hexavac™ and the components that had reduced 
imrnunogentcity in the combination vaccine (HB, D 
and FT) were shown to be stable for several years 
(data not shown). Thus, the decreased response to 
certain of the vaccine components of Hexavac™ 
does not appear to be related to a loss of stability of 
these components, suggesting that the explanation is 
immune interference due to intermolecular antigen 
competition. 

Although the rhesus monkey model suggests that the 
response to Hexavac™ is marked by transient interfer- 
ence in response to the HB, D and PT components, 
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fig. 1. Antibody response to antigens from Hib, HB, D s T, FHA and PT in rhesus monkeys immunized with Hib + HB + DTaP-lPV tit separate 
sites or with the hcxavafent combination vaccine (Hexavac YM ) ut a single i.m. site Monkeys were immunized at week 0, 4 and 8 and antibody titers 
were determined on scrum collected at week 0, 4, 8 and a 50. Results are expressed as the geometric mean with 95% confidence intervals. 



these apparent differences in potency arc unlikely to 
translate into clinically meaningful differences since: (a) 
the response to each component of the vaccine is > 
100-fold higher than the pre-immune titers; (b) th 



response rate post-dose 3 (percent seroconverters) is 
equivalent in the two groups; and ( ) the difference in 
titers elicited by Hexavac™ and the control arm be- 
came indistinguishable over time. By study week 48-51, 
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Table 2 

Estimated ratios (Hexavac^/Hib+HB+OTaP-lPV) and 99% confidence intervals for the antibody response to Hexavac™ versus control" 
Week (post-dose ]) 



Antigen 


4 


8 


JO 




48-51 




HB 


0.69 (0.1S, 3.21) 


0.06 (0 # OS) 


0.1 (0.02, 0.063) 




0.5 (0.01, 37.61) 


Hib 


1 .21 (0.2, 7.16) 


0.9 (0.23, 3-56) 


0.76 (0.23, 2.56) 




2.24 (0.14, 36.74) 


D 


1.49 (0.09, 25.11) 


0.47 (0.1, 2.1) 


0*27 (0.08, 0.S6) 




0.66 (0.14, 3.04) 


T 


0.69 (0.25, 1.95) 


1.17 (0.55, 2.49) 


0.83 (0.39, 1.79) 




0.61 (O il, 3.4) 


FHA 


1.08 (0.58, 2.03) 


1.31 (O.SS, 1.95) 


0.94 (0.57, 1.57) 




0.6 (0.2, 


1.82) 


PT 


0.77(0.38. 1.55) 


0.46 (0.19, 1.09) 


0.19 (0.05, 0.82) 




0.65 (0.26, 1.64) 


■ Any confidence interval excluding the value T implies a statistically significant difference, If the upper confidence Hmit is < 1 , then the GMT 


of Hexavac™ is significantly less than the GMT of Hib + H B + DTaP-IPV. Statistically significant results arc in bold type 




Table 3 














Response rate to Hexavac™ versus (he control group 11 












Percent responders (Hexavac™, control) at week: 










Antigen 


Pre 


4 


8 


10 




48-51 


HB 


0, 0 


0, 12 


37, 100 


100, 100 




83, 87 


Hib 


12, 12 


J 00, 100 


100, 100 


100, 100 




83, 75 


D 


33* 0 


17, 0 


100, 100 


100, 100 




. 100, 100 


T 


0, 0 


0. 0 


100, 100 


100, 100 




100, 100 


PHA 


0,0 


0, 0 


100, 100 


100, 100 




106, 100 


PT 


0.0 


62, 87 


100. 100 


100, 100 




100. 100 



a Criteria for response: HB {> 10 miU/ml); Hib (>0.15 mcg/ml); D (>0.01 lU/ml); T (>0.01 lU/ml); FHA (>4 UE/ml); PT (reciprocal titer 
>4). 



there was no significant difference in the antibody 
response to any component of the vaccine between 
monkeys injected with Hex a vac™ versus separate site 
injection of Hib + HB -h DTaP-IPV. The kinetics of the 
response also deserves comment. With the exception of 
the response to Hib, the titers to each vaccine compo- 
nent increased following each dose of vaccine. The 
reason for the immediate and vigorous response to Hib 
is not known, however, the rapid response suggests that 
the monkeys may have been primed by prior exposure 
to Haemophilus influenzae or to a cross-reacting organ- 
ism. Subsequent injections of Hexavac™ did not signifi- 
cantly increase the high titers observed after the first 
injection, which were > 10 jig/ml. In previous studies 
[10], 18-22-month-old rhesus monkeys were found to 
respond earlier and with higher titers to a Hib vaccine 
(PedvaxHIB®) than 2-3-month-old monkeys. This sug- 
gests that the use of younger monkeys may enable 
better discrimination among Hib-containing vaccines. 
. The response rate of rhesus monkeys that received 
three doses of the vaccine was 100% (at week 10). This 
compares favorably with the response rates seen in a 
clinical trial of Hexavac™ in which the response rate 
was 87-100% for each of th antigens [3]. However, the 
antibody tit rs achieved in rhesus monkeys were « 10- 
fold higher that titers attained in the human post-dose 
3. The magnitude of the response of th rhesus mon- 



keys to three doses of Hexavac™ was similar to that of 
human infants given four injections of Hexavac™ [3], It 
should be noted, however, that the small sample size 
(n » 8 monkeys per group) is a limitation in the inter- 
pretation of antibody titers and response rates. With 
these caveats, the rhesus monkey animal model de- 
scribed herein may be useful in the evaluation and 
development of future combination vaccines. 
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Abstract 

The role of antibodies to the outer membrane protein PalA of Actinobacillus pleuropneumonia* in protective immunity was studied in 
pigs vaccinated with purified PalA alone and PalA in combination with toxoids of the RTX toxins Apxl and Apxll using an established 
challenge model with the virulent serotype 1 of A* pleuropneumonia*. Pigs that developed antibody titers against PalA after immunization 
were more significantly affected by challenge with A. pleuwpnewwniae serotype 1 . fallowing challenge, pigs that were immunized with 
PalA showed more severe respiratory symptoms, had a higher mortality rate and died faster. They also displayed much more severe lung 
lesions after necropsy than animals not immunized with PalA. Pigs that were immunized with toxoids of me two cytaboxins Apxl and 
ApxU were protected against challenge with A. pleuropneumoniae. In contrast, the protective efficacy of the Apxl and Apxll vaccine 
was completely lost when it was supplemented with PalA. Hence, antibodies induced against the outer membrane protein PalA of A. 
pleuropneumoniae aggravated the consequences of infection and counteracted the protective effect of anu-ApXl and anti-ApxlI antibodies* 
Due to the high similarity between protein analogues of PalA from various bacteriaof the Pasteurellaceae family such as P6 of Haemophilus 
influenzae or 16 kDa Omp of Pasteurvlla mubocida. this deleterious effect of PalA in vaccination should be taken into consideration in the 
development of vaccines against infections with other Pasteurellaceae. 
€> 2003 Elsevier Science Ltd. All rights reserved. 

' Key^>rdx: Outer membrane protein; Experimental infection; Antigenicity; Immunity; Vaccine; Porcine pleuropneumonia; Pusteurcllaceat 



1, Introduction 

Actinobacillus pleuropneumonia** a Gram-negative bac- 
terium of the family Pasteurellaceae, is the etiological agent 
of porcine pleuropneumonia, a severe contagious disease 
of swine with worldwide, prevalence [1]. To date, fifteen 
serotypes have been described which variously express three 
different cytotoxina belonging to the RTX toxin family: 
Apxl, ApxU, ApxUl [2]. These toxins mainly determine the 
virulence of the different serotypes [3]. A fourth RTX-toxin, 
ApxIV, which is expressed by all serotypes of A. pleurop- 
neumoniae, was recently detected and shown to be produced 
during infection but not during culture in growth medium 
[4,5]. Serotypes 1, 5a/b i 9 and II, which express Apxl, 
ApxU and also ApxIV, are particularly virulent, while the 
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other serotypes which are devoid of Apxl are generally less 
virulent [3]. Vaccination is an effective strategy for the pre- 
vention of porcine pleuropneumonia outbreaks. Recently, a 
new generation subunit vaccine, composed of the three ma- 
jor RTX exotoxins (Apxl, Apxll and ApxJU) and a 42 kDa 
outer membrane protein of A. pleuropneumoniae, has been 
developed and shown to give high protection against all 12 
major serotypes (serotypes 1-12) under experimental con- 
ditions [6,7] as well as in field trials [8-10]. Vaccination 
of pigs with the RTX toxins alone protects against mortal- 
ity but generally fails to reduce the typical A. pleuropneu- 
moniae lung lesions, while the combination of RTX toxins 
with the 42 kDa outer membrane protein (42 kDa OMP) in- 
duced complete protection with regard to mortality as well 
as lung lesions [6]. The 42 kDa OMP is therefore a valu- 
able component of the vaccine. Among the OMPs of A. 
pleuropneumoniae, PalA is the most immuno-predominant 
antigen [1 1,12]. PalA is a 14kDa protein, encoded by palA 
as a precursor peptide which is processed by signal se- 
quence peptidase II and sorted by a peptide located signal 
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for the final localization of the mature protein in the outer 
membrane. FalA is conserved in all A. pleuropneumoniae 
serotypes and induces a strong IgG response in pigs natu- 
rally or experimentally infected with A. pleuropneumonia* 
[1 1]. PalA shows high amino-acid (aa) sequence homology 
to the family of peptidoglycan associated proteins (PAL) 
of Gram-negative bacteria showing most similarity to the 
P6 protein of Haemophilus influenzae [ 1 1 ,1 3,14] and to the 
l6kDa Omp of Pasteurella multocida [15]. There is evi- 
dence that PAL proteins of Pasteurellaceae, in particular P6 
of H. influenzae, can act as protective antigens. P6 was there- 
fore suggested to be included in vaccines against H. influen- 
zae induced meningitis and avian cholera [1 5,1 6]. Antiserum 
directed against recombinant P6 protein was shown to be 
bactericidal against clinical H. influenzae isolates, including 
highly pathogenic non-typable strains [17]. Antibodies to P6 
give passive protection to infant rats against H. influenzae 
type b-induced meningitis. Jn the view of the importance 
of PAL proteins as potential vaccine antigens, we have de- 
signed the present study to analyze the role of PalA alone, 
and in combination with toxoids of the RTX toxins Apxl 
and Apxll in induction of protective immunity against chal- 
lenge of pigs with a virulent A. pleuropneumoniae serotype 
1 strain, 4074 T . 

2. Materials and methods 

2. ]. Bacterial strains, growth conditions and vectors 

A pleuropneumoniae 4074 T (serotype 1 reference strain) 
. used for PCR amplification of the palA gene, and A. pleu- 
ropneumoniae serotype J strain l-L-452 used for challenge, 
were grown on solid Columbia broth agar (BBL Microbiol- 
ogy Systems, CocVeysville, MD> USA) supplemented with 
10 mM g-NAD (Sigma Chemicals, St. Louis, MO, USA) 
or in liquid medium consisting of Columbia froth supple-; 
merited with lOmM p-NAD. In order to avoid appearance 
of contaminating bacteria during re-isolation of A. pleurop* 
neumoniae from the challenged pigs, lungs and tonsils were 
first superficially decontaminated with a hot spamla before 
sampling with sterile tools from the inside of the tissues. 

Escherichia colt K- 12 strain XLl-blue MRF (Stratagene, 
La Jolk CA, USA) and £. coU B strain BL21 (DE3) (No- 
vagen, Madison, WI r USA) were grown in Luria-Bertam 
(LB) broth (18] at 37 °C in orbital shaker incubator. Ampi- 
cillin JOOjigmil was added when needed for selection or 
stabilization of plasmids. Cloning vector pETHIS-1 [4] was 
used for the production of recombinant pory-histidine tailed 
peptides. 

2.2. DNA extraction, manipulation, cloning and 
sequence analysis 

Genomic DNA from A. pleuropneumoniae was extracted 
by th guanidiumthiocyanate method [\9]. Ligation, gene 
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cloning, plasmid extraction, restriction endonuclease diges- 
tion and analysis of the DNA fragments by agarose gel elec- 
trophoresis were performed using standard protocols [18], 
Plasmid extraction was done using the alkaline lysis method 
with the Miniprep kit (Qiagen AG, Basel, Switzerland). 
DNA sequencing reactions were performed with approxi- 
mately 500 ng plasmid DNA per reaction mixture and 5 pmoi 
of primer. Sequences were determined with an ABI Prism 
model 310 genetic analyzer (Applied Biosystems, Foster 
City, CA, USA). DNA sequences were assembled and edited 
by using the Sequencher 3.0 program (Gene Codes Corp., 
Ann Arbor, MI, USA) to obtain contiguous sequences. 

2.3. Production of antigens for vaccines 

PalA protein from A. pleuropneumoniae serotype 2 strain 
S4U for vaccination was produced as described earlier 
and involved heat extraction in PBS buffer (Na-phospbate 
50mM, pH 7.5, NaCl 0.85%) for 1 h at 60 °C, ammonium 
sulfate fractionation and separation by SDS-PAGE followed 
by electroetution [11]. The commercially available subunit 
vaccine, Porcilis App™ (Intervet Internationa], Boxmeer, 
the Netherlands), was used as reference preparation for the 
titration of the Apxl and ApxH antigens. Apxl and Apxll 
proteins were prepared from supernatant* of A pleurop- 
neumoniae serotype 5b bacteria grown at 37 °C for 6 fa in 
Columbia broth supplemented with pNAD lOjtg/ml and 
CaCh 25 mM. Cells were removed by centrifugation and 
sterile filtration through a low protein binding 0.45 u,m fil- 
ter (Acrocap, #4482, Gelman Laboratory, Ann Arbor, MI, 
USA). Apxl and Apxll were' subsequently concentrated by 
ultrafiltration on a 500 kDa MW cut-off polyether sulfon 
filter (Amicon, bioseparations, Millipore, Bedford, MA, 
USA). Protein concentrations were measured by the method 
of Bradford [20]. Apxl and ApxH preparations were ana- 
lyzed by standard SDS-PAGE stained with Coomassie blue 
121] where they revealed a predominant band at 105 kDa in- 
dicating that Apxl and Apxll represented the major proteins 
(estimated to 90% of the total proteins) in the preparations 
[22]. 

For the vaccination of pigs, the following vaccines were 
produced: (i) Vaccine I (PalA) consisted of 80 tig Pa* A pro- 
tein in 2 ml Diluvac Forte® adjuvant formulation (Intervet 
International) per vaccine dose, with 0.02% (v/v) formalde- 
hyde final concentration, (ii) Vaccine Et (PalA +ApxI 
4- Apxll) consisted of 80 pug recombinant PalA, Apxl and 
Apxll in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0-02% (v/v) formaldehyde final concen- 
tration, (iii) Vaccine m (Apxl 4- ApxD) consisted of Apxl 
and Apxll in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0.02% (v/v) formaldehyde final concen- 
tration: the concentrations of Apxl and Apxll in vaccines n 
and IQ were titrated by specific antigenic mass ELISA and 
adjusted to the same concentrations of antigens in the com- 
mercially available vaccine Porcilis App™ corresponding 
to approximately 50 u,g of Apxl and 25 u,g f Apxll per dose 
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(2 ml) of vaccine, (iv) Vaccine IV (Porcilis App™) was a 
positive protection control, using the commercially available 
subunit vaccine Porcilis App™ (Jntervet International). 

2.4. Vaccinations and challenge 

Vaccination was done intramuscularly. For each vaccine, 
three 6 weeks old SPF landrace pigs were immunized on 
day 0 (zero) and subsequently received a booster vaccina- 
tion on day 28. Three control animals (group V) received 
injections of adjutants on the same days. Two weeks af- 
ter booster vaccination, on day 42, control sera were taken 
and then the pigs were challenged with A. pleuropneumo- 
nias serotype 1 strain l-L-452. The bacteria for challenge 
were, grown for 6 h and washed twice by centrifugation at 
10,000 x g for 15 min and re-suspension in the original vol- 
ume of PBS buffer. Pigs of all groups were exposed at the 
same time for 15 min to the bacteria in an aerosol using a 
De Vilbiss nebulizer [23]. After challenge, fever and respira- 
tory symptoms were recorded. Two weeks later, on day 56, 
the pigs were slaughtered, unless they died of the infection 
or had to be euthanized prior to this date. Blood was taken 
on the day of immunization, on day 42 (prior to challenge) 
and from the surviving animals at day 56. Dead and euth- 
anized animals were subjected to post-mortem examination 
for typical lung lesions and recovery of challenge bacteria 
from lungs and tonsils. 

2.5. Production of recombinant PalA 7 His 

In order to specifically monitor the antigenic response 
to PalA In vaccinated pigs, we have produced an anti- 
genically specific recombinant peptide consisting of the 
hydropbilic central- and C-terminal part of PalA con- 
taining the 106 most C-terminal amino acids (1 1.54kDa) 
fused to 6 N-terminal and 10 C-terminal histidine residues. 
The corresponding part of the palA gene was amplified 
using the oligonucleotide primers X89009-L (cgccaraifg- 
CAAACTCGTTACACCACT) and X89009-R (cgcggarcc- 
GTAi JUiAATACTGCACG). Ttie primers, were designed 
to contain recognition sites for the restriction enzymes 
Ndel and BamKL (shown in italic letters) by the addition 
of supplementary nucleotides (shown in lower case). This 
procedure allowed the PCR amplification product to be 
cloned into the Ndel and BamBl cloning sites of vector 
pETHlS- 1 . PCR was carried out with a DMA thermal cycler 
(GeneAmp 9600; Perkin-Elmer Cetus, Norwalk, CT, USA) 
in a 50 ill reaction mixture containing 10 mM lYi$-HCl, 
pH 8.3, L5mM MgCh, 50mM KC1, 0.005% TVeen 20, 
nOjxM of each dNTP, 0-25 *iM forward and reverse 
primers, 0.5 units Pwo polymerase and 5 ng genomic DNA 
of A. pleuropneumoniae strain 4074. The amplification was 
carried out for 35 cycles (30 s denaturation at 94 °C, 30 s 
annealing at 50 °C, 1 min elongation at 72 °C). The PCR 
product was purified using the QIA quick PCR purification 
kit (Qiagen, Basel, Switzerland), cut with the restriction 



enzymes Ndel and BamiH and ligated to Ndel and jBamHI 
digested pETHIS-1. Ligated DNA was transformed into 
E. coli strain XL 1 -blue MRF and positive clones were se- 
lected by colony hybridization using a digoxigenin labelled 
DNA probe for palA [11], A positive clone, named pJFF- 
PalAIH, was sequenced to verify the integrity of the cloned 
segment of palA and the fusions with the poly- His codons 
of pETHIS-1. For biosynthesis of recombinant PalA' His 
peptide, plasmid pJFFPalAlH was introduced into £. coli 
BL21 (DE3) for expression, which was induced by addition 
of ImM IPTG at mid-exponential phase and incubation 
for a further 2.5 h. Following induction, the poly-histidine 
tailed fusion protein Pal A' His was purified from cell ex- 
tracts dissolved with 6M guanidine hydrochloride using 
Ni 2+ chelate affinity chromatography (Qiagen) according 
to the manufacturer's instructions. The bound PalA^His 
was eluted by slowly decreasing the pH from 8.0 to 4.5 
with 50 mM potassium phosphate buffer, 300 mM NaCl, 
6M guanidine hydrochloride. Following elution at pH 4 3, 
the fusion protein was dialyred against 50 mM phosphate 
buffer, 300 mM NaCl, pH 7.5. The fractions were analyzed 
by standard SDS-PAGE [1 8] and protein concentrations 
were measured by the method of Bradford [20]. 

2.6. Serological assays 

In order to monitor the immune response to PalA in vac- 
cinated pigs, we have developed an immunoblot assay us- 
ing purified recombinant PalA'His as an antigen. Samples 
of 100 u-g PalA'His were separated on 14% SDS-PAGE 
of 8 cm x 8 cm and subsequently blotted onto nitrocellu- 
lose membranes (BioRad, Hercules. C A. USA, product no. 
162-0112). The dried membranes were cut into 20 strips 
with a width of 4 mm in order to get immunoblot strips 
each containing 5 u,g of PalA'His. The. strips were reacted 
with pig sera diluted 1 :500, using the standard immunoblot 
procedure [18], Phosphatase labelled goat antibodies, di- 
rected against pig IgG (Kirkegaard 8c Perry, Gaithersburg, 
MD, USA; product no. 051401), diluted 1:2000, followed 
by addition of nitroblue tetrazolium and bromochlorindoryl 
phosphate in alkaline phosphate buffer [18], were used to 
visualize bound antibodies. Each lot of immunoblot strips 
was controlled using rabbit anti-PalA antibodies [11] at a 
dilution of 1:1000 and phosphatase labelled goat antibodies 
directed against rabbit IgG (Kirkegaard & Perry, product no. 
075-1506) diluted 1:2000. 

Specific antibody titers in serum against. Apxl, ApxII, 
ApxEQ and 42kDa OMP were determined by indirect 
ELISA as described [24]. This F.I ISA is based on the 
antigens Apxl, ApxIL ApxHI and 42kDa.OMP that were 
purified from A. pleuropneumoniae strains with serotypes 
not related to the production strains used for vaccine anti- 
gen production, in order to avoid possible cross-reaction 
with contaminating polysaccharides. Concentrations of 
antigen preparations were determined in antigenic mass 
ELISA (toxins) or SDS-PAGE (OMP), relative to reference 



PAGE 20)75 ' RCVD AT 1 1126/2003 2:26:02 PM [Eastern Standard Tone] ' SVIWJSPT0-EFXRF-1I2 * DN!S:8729307 ' CSID:4166672459 ' DURATION (mm-ss):2646 



11/26/2003 14:37 FAX 4166672459 



A VENT IS PASTEUR LIMITED 



©021 



3604 



M. van dzn Bosch, J. Frvy/\kcchu 21 (2003) 3601-3607 



preparations. The antigenic mass ELISA determines the 
concentration in arbitrary units relative to the reference 
preparations. The concentrations of the proteins used for 
coating of the micro-titer plates for antibody ELISA were in 
the order of 1 tig/ml. Final adjustments were made depend- 
ing on antibody titers obtained with positive and negative 
reference sera. Routinely samples were measured twice and 
the mean values were reported. The differences of the two 
measurements were below 10%. 



3. Results 



3.1. Immune response to PalA in vaccinated pigs 



T&ble 1 

Antibody responses after two vaccination** measured 2 weeks after booster 
vaccination and before challenge 



Vaccine (content) 


Antibody titer against antigen 


Apxl 


Apxll 


Apxm . 


42kDa f>MP 


I (PalA) 


<2» ' 


<2» 




<2.0° 


n (PalA + Apxl + Apxm 


3.3 


2£ 


<2.0 a 


<2.0 B 


(11 (Apxl + Apxll) 


3.5 


2.6 . 


<i.& 


<2.0° 


IV (Pordlis App™) 


3.2 


2,8 ' 


■ Z8 


2.4 


V (Control) 


<2.0° 


<2.0* . 


<2.QV 


<2.0° 



ELISA titers are expressed as the logarithm (to&o) of the reciprocal of 
the highest dilution of serum with an OD above that of the preimmune 
serum for each pig diluted I; 100 as defined by [24]. Figures reprtsent 
the mean values of two measurements. 
a Indicates below detection level 



Hie results of the analysis of anti-PalA antibodies in the 
blood sera by immunoblots with PalA'His are shown in 
Fig. 1. All pigs were free of anti-PalA antibodies before 
vaccination. Pigs vaccinated with vaccines I or H which 
contained PalA alone or in combination with Apxl Apxll, 
showed a weak reaction 28 days after the first vaccination, 
and a strong and-PalA reaction 2 weeks after the booster 
vaccination. One pig belonging to group II (#176), from 
which a blood sample was taken before slaughter, showed 
an anti-PalA reaction on day 56 (Fig. 1 ). Groups III and IV 
of pigs that were vaccinated with vaccine containing Apxl 



m 



group 1 



group 2 




#174 #175 

1. 1 
sii 

group 3 





group ' 



8 S3 



#179 

aae* co 



#180 #181 #183 



#184 



#299 



ft6- 




Fig. }. Serological analysis of anti-PalA . antibodies. ImrrmnobJot strips 
each containing 5 v>s PalA'His protein incubated with the different sera 
before and after vaccination are shown. Figure? b» the. horizontal position 
indicate the pig numbers, figures in the vertical position Indicate days after 
vaccination. Group I included pigs #173, #174 and #175 vaccinated with 
vaccina I (PalA); group 11 included pigs #176, #177 and #178 vaccinated 
with vaccine II (PalA + Apxl + Apxll); group ill included pigs #179, 
#180 and #181 vaccinated with vaccine 111 (Apxl + Apxll); group IV 
included pigs #183. #184 and #2$9 vaccinated with vaccine IV (Porcilis 
App™* (Interval) containing ApxL Apxll. Apxl II and 42 UDa Ornp). Now 
that pigs #173, #174. #175 and #177 died Of were euthanised before the 
end of the experiment Sid: broad range pic-ataincd protein mailers (New 
England Biolabs. Beverly, Mass. USA; no, 77085): the position of the 
molecular masses of 23. *6j$ and 6JkDa are indicated. 



-h Apxll or with the commercial vaccine respectively, did 
not show anti-PalA antibodies after first vaccination (day 
28) or after booster vaccination (day. 42). One pig (#181) of 
group, m showed a very weak anri-FalA reaction 2 weeks 
after challenge on day 56, which is thought to be due to the 
challenge with A pleuropnzumoniae (Fig. 1). 

The antibody responses to vaccination against Apxl, 
Apxll, Apxm and 42kDa OMP were as expected for the 
various vaccines containing these antigens, as shown in 
Table 1. The comparison of antibody titers against Apxl 
and ApxH after vaccination with PalA (group H) or without 
PalA (group HI) added, showed that the serological titers of 
Apxl and ApxTJ were not affected by the presence of PalA 
in the vaccine. 

3.2. Protection against infection with 
A. pleuropneumonias 

The susceptibility of the pigs to A ptewvpneumoniaewas 
assessed by challenge of a non-vaccinated group of pigs. In 
this group, all pigs showed high fever after the challenge 
as well as abdominal respiration and coughing, which are 
typical signs for pleuropneumonia (Table 2). One of the 
three pigs died 6 days post-infection. Upon necropsy, all 
pigs showed lung lesions affecting; on average, 50-75% of 
the lungs. These results showed that the challenge with A. 
pleuropnzumoniae serotype 1 strain resulted in typical signs 
of porcine pleuropneumonia under the given experimental 
conditions. 

The group of pigs vaccinated with the commercial vac- 
cine Porcilis App™ (vaccine IV) showed significantly fewer 
clinical signs after challenge with low or no fever and vir- 
tually no respiratory distress. No mortality occurred in this 
group and no or only minor lung lesions affecting less man 
25% of the iung were detected These results testify to the 
high protection obtained with the subunit vaccine. 

In the group of pigs vaccinated with Apxl and Apxll alone 
(vaccine TIT), a high level of protection against infection with 
A. pleuropneumonias serotype 1 was observed- This was 
similar to the group vaccinated with the commercial subunit 
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a Scale used; <0) no fever (<40°C); (1) fever (>4MI U C); (2) high fever (>41 *C); (nd) could not be determined doe to the rapid death of the animal. 
0 Scale used: (0) no distress, normal respiration; (1) increased respiration rate; (2) abdominal respiration and/or coughing; (3) dyspnea. 
€ (+) Indicates dead pig or pig euthonised because of severe clinical signs (number in brackets gives the day of death post- infection); (-) indicates 
that the pig did not die. 

d Scale used: (0) no lemons; (1) Of the lungs affected; (2) 26-50% affected; (3) 51-75% affected; (4) 76-100% affected (severe lesions). 

*(+) Indicates animal from which the challenge strain was re-isolated; Cont.: isolation of A. pleuropneumonia* not possible since culture was 
coatumkaied by other bacteria; (-) indicates that no A pteunypnewnortiae could be isolated. 



vaccine. This group showed no mortality, only one pig with 
mild fever and increased respiration rate and virtually no 
lung lesions after necropsy. 

Vaccine II, containing PalA added to Apxl and ApxII, 
showed no protection. On average, the pigs showed clinical 
signs similar to the non-vaccinated control group. In this 
group, the mortality rate was similar to that of the control 
group. In addition, lung lesions in this group showed the 
same scores, as in the non-vaccinated group. 

Vaccination of pigs with purified PalA alone (vaccine I) 
showed no protection, but rather severe symptoms and rapid 
death after challenge with A. pleuropneumonia* serotype 1. 
All three pigs died within 1 or 2 days after challenge and 
subsequent necropsy revealed severe lung lesions. In com- 
parison with the non-vaccinated control group, vaccination 
of pigs with PalA alone resulted in a significant increase in 
mortality, three out of three PalA vaccinated animals died, 
compared to one animal out of three that died from the con- 
trol group (x 2 = 3.0; P « 0.08) (Table 2). Most significant, 
was the sudden death after challenge of the PalA vaccinated 
pigs one to 2 days post-infection, while in the control group 
one pig died 6 days post-infection (Table 2). Upon necropsy, 
all pigs vaccinated with PalA showed very severe lung le- 



sions (score 4 with 75-1 00% of the lungs affected) compared 
to one animal out of three in the control group (Table 2). 

From pigs of all groups, the challenge strain could be 
re-isolated after necropsy from hings and from tonsils, show- 
ing no differences between the control group and the differ- 
ent vaccinated groups- From a few animals, re-isolation of 
the challenge strain was hindered due to strong growth of 
other bacteria on the culture media (Table 2). 



4. Discussion 

The family of PAL proteins has been characterized as 
proteins constituting integral parts of the outer membrane 
of many Gram-negative bacteria. They are highly conserved 
within given bacterial species. Moreover, they show strong 
similarities between different bacterial species. They are 
described as very strongly antigenic proteins in several 
pathogenic bacteria such as A pleuropneumonias [11], H. 
influenzae [25,26), Legionella pneumophila [27], R multo- 
cida [15], Campylobacter jejuni [28] and Brucella abortus 
129). The prototype of PAL, the peptidoglycan associated 
lipoprotein PAL of E. colt was shown to form complexes, 
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one type together with the outer membrane proteins TolA, 
TolQ and TblR, and a second type with the periplasmic pro- 
tein TolB, in order to maintain the outer membrane integrity 
by anchoring the outer membrane to the. peptidoglycan 
layer [30], Mutants deficient in the PAL protein appear 
to be debilitated for growth under certain conditions. A 
PAL-defioient mutant of Haemophilus ducrei was shown to 
display a reduced capacity for pustule formation compared 
to its wild type parent when injected in human volunteers 
[31]. In addition, the mutant was more susceptible to the 
antibiotics Erythromycin, Cefotaxime and Ciprofloxacin 
than the wild type strain and could not be reisolated from 
piistules in contrast to the wild type strain [31], The PAL 
proteins seemed therefore to be valuable targets for immune 
protection: Several reports of indirect evidence indicate that 
protein P6 (alternatively named Hi-PAL) of H. influenzae is 
involved in the induction of protective immunity against H, 
influenzae infections. They include studies showing that an- 
tibodies to P6 are protective in the infant rat model against 
invasive H. influenzae type b [32]; the demonstration of 
bactericidal activity for H. influenzae of an antibody to 
PG immunopurified from human serum [33]; and the fact 
that rabbit antiserum raised to purified P6 is bactericidal 
for a broad range of H, influenzae strains including many 
non-typable H. influenzae [16]. From these results it was 
thought that P6 might be a valuable subunit in vaccines 
against H* influenzae infections. Moreover, PAL of other 
pathogens were considered as appropriate antigens in vac- 
cines. However, no protection against avian cholera was 
obtained by vaccination with recombinant P6-like protein 
from P. multocida [34). 

In our approach to examine the effect of a PAL protein as 
candidate for a vaccine, we have taken advantage of a well 
established challenge model of pigs with A. pleuropneumo- 
nia* to test the efficacy of PalA alone or PalA in combi- 
nation with known protective antigens as vaccines against 
porcine pleuropneumonia. In our study, a small number of 
animals were tested for ethical reasons and, therefore, it 
does not allow for thorough statistical analysis. However, 
our data clearly show that pigs, which developed antibody 
titers against PalA after immunization, showed more sig- 
nificant symptoms, a much higher mortality and died much 
faster after challenge with A. pleuropneumonia* than un- 
vaccinated control pigs. The more severe lung lesions found 
after necropsy in the PalA vaccinated group further high- 
lighted this observation. Hence the higher mortality and the 
faster occurring death in the PalA vaccinated group seemed 
to be an aggravation of the pleuropneumonia and was not 
due to secondary effects like septic shock. The difference in 
protective efficacy between the vaccine containing Apxl and 
ApxTI and the vaccine with Apxl, Apxll and PalA is of par- 
ticular interest. The pigs vaccinated with the two cytotoxins 
Apxl and ApxTI were well protected against challenge with 
A. pleuropneumoniae serotype 1, like the group that was 
vaccinated with the commercially available subunit vaccine 
Porcilis App™. In contrast, the protective efficacy of Apxl 



and Apxll vaccine was completely lost when it was supple- 
mented with PalA, as shown in the group of pigs vaccinated 
with vaccine It Hence, PalA antibodies significantly reduce 
the protective effect of an ti -Apxl and anti-ApxE antibodies. 
The mechanism behind this negative effect of PalA on pro- 
tective immunity is not known. However, we rule out the 
possibility that PalA would have had a negative effect on the 
induction of antibodies against Apxl and ApxTI, as the ami 
Apxl and Apxll titers are the same in the presence or ab- 
sence of PalA. Since PalA is well conserved in all serotypes 
of j4. pleuropneumoniae, the effect is expected to occur with 
any of the serotypes. 

Although the limited number of animals used did not al- 
low us to perform dose-dependence studies, we conclude that 
PalA should be absent in vaccines against A pleuropneumo- 
niae. Our study does not permit us to extrapolate whether 
other PAL antigens such as P6 of H. influenzae would yield 
similar effects. However, PalA shows very high similarity 
to P6 of //. influenzae (73% identical and 82% similar aa) 
and to P6-like protein of R multocida (72% identical and 
97% similar aa). Vaccination with other PAL proteins could 
therefore result in similar negative effects, or as in the case 
of the P6-like protein of R multocida, give no protection 
[34]. When using whole cell preparations of bacterial cul- 
tures (bacterin vaccines), it must be noted that the concen- 
tration of PAL proteins varies depending on the mode of cul- 
tivation and preparation of the bacteria, and might therefore 
vary from one batch to another. Consequently, this could be 
an explanation of the variations in protective, efficacy of cer- 
tain bacterin vaccines, which are currently observed- Since 
the negative effect of PAL proteins in vaccines seems t be 
non-predictable, it would be advisable to avoid PAL pro- 
teins in vaccines unless specific evidence for a positive ef- 
fect on protection is found. The existence of such negatively 
acting components gives further support to the need for de- 
velopment of well defined subunit vaccines against bacterial 
infections. 
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Form includes tbe prescribed fee* In the event of underpayment or overpayment please apply any 
additional charges or refunds to USPTO Deposit Account Number 500715. 

(1) Real Party of Interest 

The real party of interest with respect to this patent application is Aventis Pasteur 
Limited. Assignments from the inventors to Aventis Pasteur Limited are recorded at Reel 
0133 17/071 1, 0724 and 0733 on September 20, 2002. 

(2) Related Anneals and Interferences 

The appellants, the appellants' legal representatives and assignee, are unaware of 
any pending appeals or interferences which will direcdy affect or be affected by or have a 
bearing on the Board's decision in the pending appeal. 

(3) Status of Claims 

This application was filed with claims 1-26* In the response dated September 25, 
2002 to the Office Action of March 27, 2002 claims 6-24 and 26 were cancelled, claim 25 
amended, and new claim 27 added. 

Claims 1-5, 25 and 27 were finally rejected in an Office Action dated December 
31, 2002. Claims 1-5, 25 and 27 are pending and the subject of this appeal and appear in 
Appendix I hereto. * ■ 

(4) Status of Amendments 

This application was filed with claims 1-26. Claims 1-5, 25 and 27 are pending 
and no amendments were filed subsequent to this final rejection. 

(5) Summary of Invention 

The present invention is directed to an immunogenic composition for conferring 
protection in a host against disease caused by Haemophilus influenzae, including otitis media. 
The composition comprises at least two different antigens of Haemophilus influenzae, at least 
one of which antigens is an adhesin (claim 1) and wherein said adhesin is a high molecular 
weight (HMW) protein of a non-typeable strain of Haemophilus influenzae, (claim 2), 
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particularly an HMW 1 or HMW 2 protein of the non-typeable strain (claim 3), and said antigen 
which is not an adhesin is a non-proteolytic heat shock protein of a strain of Haemophilus 
influenzae (claim 4) and wherein the heat shock protein is an analog of Haemophilus influenzae 
Hin47 protein having a protease activity which is less than about 1 0% of that of the natural 
Hin47 protein (claim 5). The invention is further directed to compositions where the HMW 
protein is recombinantly produced and said antigen which is not an adhesin is an analog of 
Haemophilus influenzae Hin47 protein having a decreased protease activity which is less than 
about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 91 is 
replaced by Alanine (claim 27). The present invention is further directed to a method of 
ftntnifniying a host against disease caused by infection with H. influenzae (claim 25). 

(6) Issues 

The issues for consideration is the rejection of, claims 1 -5 and 25 under 35 U.S.C 
112 1 st paragraph and claims 1-5, 25 and 27 under U.S.C. 103(a) as being unpatentable over 
Barenkamp et al in view of Loosmore et al. 

(7) Grouping of Claims 

All claims do not stand or fell together, but rather each claim is individually 

patentable. 

(8) Argum ent 

(a) Background to the Invention 

Haemophilus influenzae is the cause of several serious human diseases, such as 
meningitis, epiglottitis, septicemia and otitis media. There are six serotypes of H influenzae, 
designated a to f, that are identified by their capsular polysaccharide. K influenzae type b (Hib) 
was a major cause of bacterial meningitis until the introduction of several Hib conjugate vaccines 
in the 1980's. Vaccines based upon H. influenzae type b capsular polysaccharide conjugated to 
diphtheria toxoid* tetanus toxoid, or Neisseria meningitidis outer membrane protein have been 
. effective in reducing H. influenzae type b-induced meningitis. The other serotypes oiH 
influenzae are associated with invasive disease at low frequencies, although there appears to be 
an increase in the incidence of disease caused by these strains as the incidence of Hib disease 

3 



PAGE 27/75 * RCVD AT 11/26/2003 2:26:02 PM [Eastern Standard Time) * SVR:USPT0-EFXRF-1/2 * DNIS:8729307 * CS1D:4166672459 * DURATION (mm-ss):2646 



11/26/2003 14:39 FAX 4166672459 



A VENT IS PASTEUR LIMITED 



@02S 



declines. Non-encapsulated or non-typeable H influenzae (NTHi) are also responsible for a wide; 
range of human diseases including otitis media, epiglottitis, pneumonia and tracheobronchitis. 
The incidence of NTHi induced disease has not been affected by the introduction of the Hib 
vaccines. 

Otitis media is the most common illness of early childhood, with 60 tp : 70% of all 
children* of less than 2 years of age, experiencing between one and three ear infections. Chronic 
otitis media is responsible for hearing, speech and cognitive impairments in children. K 
influenzae infections account for about 30% of the cases of acute otitis media and about 60% of 
chronic otitis media. In the United States alone, treatment of otitis media costs between 1 and 2 
billion dollars per year for antibiotics and surgical procedures, such as tonsillectomies, 
adenoidectomies and insertion of tympanostomy tubes. It is estimated that an additional $30 
billion is spent per annum on adjunct therapies, such as speech therapy and special education 
classes. Furthermore, many of the causative organisms of otitis media are becoming resistant to 
antibiotic treatment. An effective prophylactic vaccine against otitis media is thus desirable. 

(b) The Present Invention 

Having regard to the above Background, it would be desirable to provide 
efficacious combination vaccines comprising K influenzae components containing selected 
relative amounts of selected antigens. The present invention provides an immunogenic 
composition for conferring protection in a host against disease caused by infection, with H. 
influenzae, including otitis media. 

The immunogenic composition comprises at least two different antigens ofH. 
influenzae, one of which is a high molecular weight (HMW) protein of a non-typeable strain of 
Haemophilus influenzae at least one of which is an adhesin as claimed in claim I , and all claims 
dependant thereon. 

Claim 2 recites that the adhesin is a high molecular weight (HMW) protein of a 
non-typeable strain of H influenzae. Claim 3 recites that the HMW protein is a HMW 1 or 
HMW 2 protein of a non-typeable strain of H. influenzae. Claim 4 recites that the antigen which 
is not an adhesin is a non-proteolytic beat shock protein of a non-typeable strain of H. influenzae. 
Claim 5 recites that the heat shock protein is an analog of Haemophilus influenzae Hin47 protein 
having a protease activity which is less than about 10% of that of the natural Hin47 protein. 
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Claim 27 further recites that the Hin47 protein having a decreased protease activity which is less 
than about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 
91 is replaced by Alanine. The applicants data supports such results. 

(c) Rejection of claims 1-5 and 25 under 35 U.S.C 1 12 1 st paragraph . 

The HMW proteins are described in Barenkamp et al cited by the Examiner in the 
prior art rejection while the Hin47 analogs are described in the Loosmore et al reference cited by 
the Examiner in the prior art rejection. In the Barenkamp et al reference, there is described both 
the isolation of the HMW protein from natural-source materials and recombinant production. It is. 
submitted, that the enablement is not limited to recombinantly-produced HMW protein. 

In the Loosmore et al reference, there is described the manner of producing the . 
non-proteolytic analog of Hin47 protein. In this respect, at least one amino acid contributing to 
protease activity is deleted or replaced by a different -amino acid. The Loosmore et al reference 
describes how to identity such amino acid by comparison to known proteases. The reference 
specifically describes that the deleted or replaced amino acid may be selected from amino acids 
195 to 201 and specifically describes replacement of Serine-197 with alanine, other specific 
amino acid mutations described are Histidine-91 replaced with alanine, and lysine or arginine- 
121 replaced with alanine. The immunogenic properties of these various mutants are described in 
Loosmore et al. Based on this information, there is no reason to suppose that any other non- 
proteolytic analog would not also function in the same manner as the specific H9IA Hin47 
analog utilized in the experiments described in the application ( page 18 lines 4-12). It is 
submitted that enablement is not limited to the specific H91 A Hin47 analog, but rather extends at 
least to any non-proteolytic analog of the Hin47 protein. The Examiner indicates that the 
objection of lack of enablement is based, to some extent, upon lack of guidance as to how to 
determine compositions other than that specifically identified by the Examiner. It is submitted 
that such is not the case. 

Specifically, the specification tells a person skilled in the art that two different 
antigens of Haemophilus influenzae are employed and that one of them has to be an adhesin and 
the other does not. Testing to determine if an antigen is an adhesin or not an adhesin is within the 
skill of the art In this regard, the Examiner's attention is directed to the experimentation 
described in Barenkamp. 

5 
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In addition, the person skilled in the art is advised that one such adhesin protein is. 
the HMW protein, where that is described and how to produce it both from natural-source . 
materials and recombinantly (see page 2, line 23 to page 3, line 23). In addition, the person 
skilled in the art is advised that one such nonadhesin protein is a non-proteolytic analog of Hin47 
protein or other non-proteolytic heat shock protein and how to produce such an analog (see page 
3, line 14 to page 3 line 31). 

Furthermore applicants have given guidance to one skilled in the art to test if a 
composition is an immunogenic composition (see example 4 pages 1 8 to 20 of the present 
application). 

Having regard to the foregoing discussion, it is submitted that claims 1 to 5 and 25 are fully 
enabled by the disclosure. 

(d) Rejection of claims 6-24 under 35 USC 103(aY 

Claims 1 to 5, 25 and 27 have been finally rejected under 35 USC 103(a) as being 
unpatentable over Baienkamp (WO 97/36914) in view of Loosmore et al (US Patent 5,506,139). 

Claim 1 defines an immunogenic composition for conferring protection in a host 
against disease caused by Haemophilus influenzae comprising at least two different antigens of 
Haemophilus influenzae, 

- one of which antigens is an adhesin 

- the other of which antigens is not an adhesin. 

The Examiner has identified Barenkamp et al as describing a Haemophilus 
influenzae protein which is an adhesin and Loosmore as describing a Haemophilus influenzae 
protein which is not an adhesin. The applicants position is that neither reference provides the 
motivation to combine the two immunogens in a single composition, as required by claim 1 . 

Barenkamp teaches high molecular weight proteins of non-typeable H. influenzae 
identified as HMW1 > HMW2, HMW3 and HMW4, which are characterized by molecular weight 
and sequence information. Loosmore et al teach an analog of H. influenzae Hin47 protein with 
reduced protease activity. It is submitted that these references lack any motivation to combine 
two different antigens of H influenzae, namely a non-proteolytic Hin47 protein of Loosmore et 
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al with the HMW proteins of Barenkamp et al in an immunogenic composition. It is the 
applicants position that neither reference provides the motivation to combine the two 
immunogens in a single composition as required by claim 1, and by dependency all claims on 
appeal. 

While suggesting various combinations, there is no suggestion here to combine 
different proteins derived from the same pathogen, as in applicants claim 1 . Again, the references 
are silent as to any specific combination contemplated* 

The cited prior art lacks the motivation to do so. There are vague, non-specified 
indications in both references to combine other components with the specific immunogen, but 
there is no specific indication as to what that other component may comprise, other than an 
adjuvant or materials from the pathogens and/or materials from various strains of the same 
pathogen. 

As the Examiner has pointed out, on page 49, lines 1 5 to 19 of Barenkamp, it is 

stated: 

„ . the data suggests the HMW adhesin proteins are potentially important 
protective antigens which may comprise one component of a multi-component 
NTHI vaccine." 

This passage appears to suggest that only Haemophilus proteins which are the HMW adhesin 
proteins are appropriate components. The non-proteolytic analog of Hin47 is £2i an adhesin 
(although initially thought to be adhesin, see col. 2, line 17 of Lobsmore et al). (It is pointed out 
that the Examiner is incorrect in the statement that the adhesin protein "should" comprises one 
component of the NTHI vaccine. As can be seen from the above quotation, Barenkamp uses the 
word "may"). 

Even if the Examiner finds motivation in this passage of Barenkamp to combine 
the HMW protein with another Haemophilus antigen, whether an adhesin or not, such motivation 
still provides no motivation to select the non-proteolytic Hin47 analog as the other Haemophilus 
antigen. 

There have been a significant number of Haemophilus proteins identified as 
vaccine candidates besides the HMW and Hin47 analog proteins. These proteins include the 
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various outer membrane proteins A to H, lactofemn and transferrin receptor protein and the PI, 
P2, P6 and Dl 5 proteins. It is submitted that there is no motivation provided by the cited prior art 
why a person skilled in the art would specifically select from all the optional possibilities, the 
non-proteolytic Hin47 analog to specifically combine with the HMW protein. 

The Examiner states in the Office Action, quoting In re Kerkhoven, that: 

'The idea of combining them flows logically from their having been individually 
taught in the prior art." 

The **idea of combining them" does not explain why the two materials should be combined when 
there is selection available. If the two antigens were the only two known antigens of 
Haemophilus influenzae, then there may be some validity to the position taken by the Examiner, 
but this is clearly not the case here. 

In any event, caution is required when considering combining different antigens 
into immunogenic compositions because of the danger of impairment of the immunogenicity of 
the individual components one by the other. As may be seen from Applicants data, in Figure 3, 
immunogenic compositions are provide in which there is no impairment of individual antigenic 
components. 

Furthermore, these results are unexpected in the field of combination vaccines. 
There is little expectation of success that simply mixing existing vaccine antigens will not result 
in incompatibilities amongst the various antigens, resulting in loss of stability or reduced potency 
or indeed a synergistic effect increasing potency. Immune interference cannot be predicted. 
Others skilled in the art of combination vaccines have found that the preparation of combination 
vaccines is far from straight forward. For example Cauldfield et al (2001 ) report on the need for 
a balanced formulations of vaccine components in the preparation of DTP combination vaccines 
to circumvent interference with the components. Van den Bosch et al (2003) have also reported 
that the addition of a potential antigen (Pal A) from Actinobacillus pleuropneumoniae can 
completely eliminate the positive efficacy of known antigens (Apxl and II) when combined (see 
abstract)* 

For all these reasons, it is submitted that claims 1 to 5, 25 and 27 are patentable 
over the applied art and the rejection thereof under 35 USC 103(a) as being unpatentable over 
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Barenkamp in view of Loosmore et al. cannot be sustained. 
Summary 

Having regard to the above detailed discussion, it is submitted that the Examiner 
is in error in rejecting claim 1 to 5, 25 and 27 as being unpatentable under 35 USC 112 l Jt 
paragraph and the rejection under 35 USC 103(a) as being Unpatentable over the combination of 
Barenkamp in view of Loosmore et al, should be REVERSED. 



Respectfully submitted, 




Gavin R. Zealey 
Reg. No. 39,475 
Customer No. 033444 



Toronto, Ontario, Canada, 
TEL No. (416) 667-2854 
FAX No. (416) 667-2459 
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(9) APPENDIX! 

CLAIMS APPEALED (09/857,843) 

1 . An immunogenic composition for conferring protection in a host against disease caused 
by Haemophilus influenzae, comprising: 

at least two different antigens of Haemophilus influenzae, at least one of which antigens 
is an adhesin. 

2. The immunogenic composition of claim 1 wherein said antigen which is an adhesin is a ~ 
high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
influenzae. 

3. The immunogenic composition of claim 2 wherein said HMW protein is a HMW 1 or 
HMW2 protein of the non-typeable strain of Haemophilus influenzae. 

4. The immunogenic composition of claim 1 wherein the antigen of Haemophilus influenzae 
which is not an adhesin is a non-proteolytic heat shock protein of a strain of Haemophilus 
influenzae. 

5. The immunogenic composition of claim 4 wherein the non-proteolytic heat shock protein 
of a strain of Haemophilus influenzae is an analog of Haemophilus influenzae Hin47 
protein having a decreased protease activity which is less than about 10% of that of 
natural Hin47 protein. 

25. A method of immunizing a host against disease caused by infection with Haemophilus 
influenzae, including otitis media, which comprises administering to the host an 
iminunoeffective amount of a composition as claimed in claim 1 . 

27. The composition of claim 1 wherein said antigen which is an adhesin is a recombinantly- 
produced high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
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influenzae and said antigen which his not an adhesin is an analog of Haemophilus 
influenzae Hin47 protein having a decreased protease activity which is less than about 
1 0% of that of natural Hin47 protein, in which Histidine-91 is replaced by alanine. , 
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Abstract 

Preclinical immunogenicity studies were conducted in rhesus monkeys to determine whether there is immune interference in the 
response to one or more components of a hexavalent vaccine (Hexavac™) that contains antigens from Haemophilus influenzae 
(Hib), hepatitis B (HB), diphtheria (D), tetanus (T), acellular pertussis (aP) and inactivated polio virus (IPV), Antibody responses 
were measured following co-administration of the components at three separate anatomical sites or administration as a hexavalent 
combination in a single site. After three injections of the hexavalent vaccine, the peak antibody responses to each component of 
the vaccine were > 100-fold above pre-immune titers and persisted at levels > 10-fold above pre-immune titers, at « 1 year. 
Immune interference wa$ observed in the peak response to HB, D and pertussis toxin, but was not seen at later time points. The 
results indicate that the rhesus monkey model may be useful for pre-clinical evaluation of combination vaccines. © 2000 Elsevier 
Science Ltd All rights reserved. 

Keywords: Combination vaccine; Immune interference; Antigen competition; Non-human primate 



1, Introduction 

The rationale for the development of combination 
vaccines has been discussed in recent publications (1 - 
3]. The main benefits are to enhance compliance and 
vaccine coverage and to reduce overall healthcare costs. 
An added benefit is to 'make room' in the pediatric 
vaccination schedule for new vacdnes . projected for the 
new millennium [4]. However, experience has shown 
• that the "greparatiqn of combination is far 

from^^ the development of the 

DTP combination vaccine, the need for 'balanced' for- 
nidations of vaccine components was recognized [5] 
and careful dose-ranging of the three serotypes of the 
oral pohovirus vaccine (OPV) was required in order to 
circumvent interference of the type 2 strain on the 
immune response to types 1 and 3 [6]. Th main 

•Corresponding author. Tel.: + 1-215-^523402: fax: + 1-215- 
6522142. 

E-mail address: m k:hacl_ea.uIfieJd@merck .com (M J. CaulfleW). 



impediments to the development of combination' vac- 
cines are stability and immunogenicity. Simply mixing 
existing vaccines can result in incompatibilities among 
the various. antigens, adjuvants, preservatives, stabiliz- 
ers and excipients, resulting in a loss of stability or 
reduced potency [7]. A further confounding factor is 
that of immune interference (also known as antigen 
competition) which may not always be predicted using 
animal models. Antigenic competition was first de- 
scribed by Michaelis in 1904 (8], but is still poorly 
understood. 

The objective of the present preclinical immunogenic- 
ity studies of Hexavac™ was to determine the antibody 
response to vaccine component antigens at various 
times after immunization and to compare the response 
to the hexavalent vaccine with that induced by adminis- 
tration of Hib, HB and DTaP-lPV at separate 
anatomic sites. The results indicat that there was a 
significant difference between experimental and control 
arms in the peak responses to HB, D and PT. These 
differences fade with time and there was no significant 
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difference in the response to any vaccine component 
tested at 48-51 weeks post-dose 1- Overall, strong 
antibody responses were induced to each component of 
Hexavac™ in rhesus monkeys. 



2. Materials and methods 

2A. Experimental animals 

The rhesus monkeys {Macaco mulata) used in this 
study were born at the California Regional Primate 
Center at the University of California at Davis and all 
immunizations and blood collection procedures were 
performed at that site. Some monkeys were housed 
outdoors in social groups, whereas others were main- 
tained indoors, in pairs. Those maintained indoors had 
a 12:12 h lightrdark cycle within a temperature range of 
ssl7-29°C Animals were all fed Purina Monkey 
Chow, 15% protein with fresh produce supplements 
two to three times per week. Monkeys were identified 
by tattoos containing unique numbers. The study pro- 
tocol was approved by the Institutional Animal Care 
and Use Committee (IACUC). 

2.2. Vaccine composition 

The hexavalent vaccine consisted of Hib capsular 
polysaccharide (polyribosyl ribitol phosphate) conju- 
gated to tetanus toxoid (PRP-T), hepatitis B (HB), 
surface antigen (HBsAg), diphtheria toxoid (D), tetanus 
toxoid (T), pertussis filamentous hemagglutinin (FHA) t 
pertussis toxoid (FT) and three serotypes of inactivated 
poliovirus (IPV) formulated with aluminum adjuvants. 
Each 0.5 ml dose contained 12 ng PRP-T (expressed in 
polyoside), 5 ng HBsAg, 30 Lf D, 10 Lf T, 25 \ig FHA, 
25 ug PT, IPV type 1 (40 D-Ag U), type 2 (8 D-Ag U) 
and type 3 (32 D-Ag U). 

2.5. Vaccination/schedule 

One group of rhesus monkeys was immunized with 
half of the human pediatric dose of the hexavalent 



combination vaccine (Hexavac™) into a single i >m. site, 
while a second cohort (control group) of monkeys was 
injected with half of the human dose of PRP-T (Ac- 
tHIB*), HBsAg (RECOMBIVAX'HB®) and DTacP- 
IPV at three separate i jn. sites at 0, 4 and 8 weeks, 
according to the protocol shown in Table 1 . Hie mon- 
keys were weighed at each time point and examined for. 
injection site reactions after each dose of vaccine. In 
addition, blood samples collected at each time point 
were monitored. for changes in white cell, ted cell and 
platelet levels. 

24, Serological assays 

Sera were collected at week 0, 4, 8, 10 and 48-51 and 
tested individually for antibody titers against PRP, 
HBsAg, D, T t FHA and PT. Due to a shortage of sera, 
serology was not performed to detect antibodies against 
poliovirus, Anti-PRP (component of Hib) antibody 
titers were measured using a Farr-type radioim- 
munoassay (RIA), as previously described [9,10]; re- 
sponses to HB were determined using a modified 
Ausab® assay (Abbott Laboratories, N. Chicago, IL), 
as described elsewhere {11]. Antibodies against FHA 
[12] and antibody titers against T were measured by 
ELISA [13]. Diphtheria toxoid antibody titers were 
assayed by using a neutralization test in comparison to 
a WHO antitoxin standard [14]. PT antibody titers were 
also determined by a toxin neutralization test on CHO 
cell culture [15]. The results are expressed as geometric 
means. The assays used were originally validated for 
analysis of human samples and adapted for testing 
monkey serum without further analytical validation. 

2,5. Statistical analysis 

At each time point, the estimated GMT ratio for the 
experimental vaccine group relative to the control 
group (Hexavac™/Hib + HB + DTaP-IPV) and corre- 
sponding two-sample 99% confidence interval for the 
true GMT ratio are calculated for the response to each 
antigen- assuming unknown but equal variances be- 
tween the two groups. If a particular interval excludes 



Table 1 

Protocol for pfecthifcal inununogenfcity testing of Hexavac™ in rhesus inonVeys 






Croup n Age at dose 1 
(months) 


Vaccine 


Injection schedule (weeks) . 


Bleeding, schedule (weeks) 


1 8* 6-12 


Hexavac 11 ** 


0, 4 t 8 


0, 4,S« 10, *50 


2 S 4.8-10.5 


ActH 1 B* + RECOM Bl VAX 
HB^+DTaP-IPV 1, 


0, 4,8 


0, 4, 8, 10, * 50 



0 Injection volume of 0.25 ml in one intramuscular site. 

» Infection in three separate intramuscular sites (0.25 ml each). 

c Serum samples from set of eight monkeys were available at the week = 50 -time point. 
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the vatoe 1, the corresponding comparison between 
Hexavac™ and Hib + HB + DTaP-IPV is statistically 
significant; otherwise, it is not. The reason for using a 
99% confidence level instead of the usual 95% level is to 
control the overall false- positive rate (per antigen), 
which is defined as the probability that at least one of 
the confidence intervals will exclude the value 1 by 
chance alone [16], 



3. Results 



3 J. Serum antibody response to vaccination 

Antibody titers to each component of the vaccine 
(except IPV) were measured at week 0 ; 4, 8, 10 and 
48-50 using sera from individual animals (Fig. 1)- At 
week 4 (post-dose 1), there were no significant differ- 
ences between groups in antibody titers to any of the 
antigens tested. Similarly, at week 8 (4 weeks post-dose 
2), there were no significant differences among groups 
with the exception of the response to HB, which was 
significantly higher in the control group compared with 
the monkeys injected with the hexavalent combination. 
As shown in Table 2, at the 10-week time point (2 
weeks post-dose 3), there was a significantly higher 
response to three of the vaccine components (HB, D 
and pertussis toxin) m monkeys immunized with sepa- 
rate injections of Hib + HB + DTaP-IPV compared 
with the response of monkeys immunized with the 
hexavalent combination vaccine. Importantly, at the 
final time point (week 48-51), which is 38-41 weeks 
post-dose 3 3 there was no significant difference in the 
response to any component of the vaccines. 

3.2. Response rate to vaccination 

The percentage of responders to components of the 
vaccine was determined at each bleed time point. In the 
absence of established 'seroprotective titers' for rhesus 
monkeys, the accepted human equivalents were used as 
shown in the legend to Table 3. For pertussis, there is 
no proven correlate of protection established for hu- 
mans, therefore, the percentage of seroconverters was 
used instead. As shown in Table 3, there was no 
difference in the response rate to vaccination with 
Hexavac™ compared with separate site administration 
of Hib + HB 4- DTaPJFV except for the response to 
HB at the 8-week time point At that time, only 37% 
(3/8) monkeys responded to Hexavac™ whereas .100% 
(8/8) responded to the control. These results are consis- 
tent with the analysis of the serological titers that 
showed a significant difference in anti-HBs titers at this 
time. 



3.3. Adverse event monitoting 

Animals were monitored for . changes in weight or 
blood cell counts as wen as for injection site reactions. 
No adverse reactions were noted at the site of injection 
at any time point and there was no adverse effect of 
vaccination on the weight or blood cell counts of any 
animals (data not shown), ' 

4. Discussion/conclusion 

The results from the present pre-clinical evaluation of 
Hexavac™ indicate that there was a vigorous response 
to each component of the vaccine. Even so, there was 
evidence for interference in the peak response to HB, D 
and pertussis toxoid when the responses to Hexavac™ 
were compared with the control group. Four types of 
immune interference (antigen competition) have been 
described: (a) sequential; (b) intramolecular; (c) ra- 
traviricmic; and (d) intermolecular competition. 

• Sequential competition occurs when a second anti- 
. gen (or vaccine) is given shortly after a first antigen 

(or vaccine) 117]. This form of interference is espe- 
cially relevant to vaccine dosing schedules* 

• Intramolecular competition results from competition 
among peptides derived from the same protein for 
binding to MHC Class I or Class II molecules [18]. 

• Intravirionic competition results when one protein 
antigen within a virus interferes with the response to 
a second protein antigen within the same virus (19]. 
This form of antigen competition can be circunv 
vented by dissociation of the virus into its compo- 
nent parts prior to immunization. 

• Intermolecular competition results when one antigen 
in a mixture interferes with the immune response to 
a second antigen in a mixture [17,20]. This form of 
interference is most relevant to the present investiga- 
tion; however, the mechanism by which this happens 
is unknown. One possibility is that one or more 
components within the combination vaccine become 
unstable, perhaps due to excipients carried over into 
the vaccine with a separate component. However, 
extensive stability studies have been performed on 
Hexavac™ and the components that had reduced 
immunogenidty in the combination vaccine (HB, D 
and PT) were shown to be stable for several years 
(data not shown). Thus, the decreased response to 
certain of the vaccine components of Hexavac™ 
does not appear to be related to a loss of stability of 
these components, suggesting that the explanation is 
immune interference due to intermolecular antigen 
competition. 

Although the rhesus monkey model suggests that the 
response to Hexavac™ is marked by transient interfer- 
ence in response to the HB, D and PT components, 
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Pertussis (FHA) 




10 » M 



Pertussis (FT) 




these apparent differences in potency are unlikely to 
translate into clinically meaningful differences since: (a) 
the response to each component of the vaccine is > 
100-fold higher than the pre-immurje titers; (b) the 



response rate post-dose 3 (percent seroconverters) is 
equivalent in the two groups; and ( ) the difference in 
titers elicited by Hexavac™ and the control arm be- 
came indistinguishable over time. By study week 48-51, 
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E^ed ratios (Hc^/Hib^B+DTaP-IPV) and 99* confides intervals for the antibody response to He*avac™ versus control 



Week (poet-dose 1) 



Antigen 

HB 
Hib 
D 
T 

FHA 

FT . 



0.69(0.15, 3.21) 
1.21 (0.2, 7.16) 
1.49 (0.09, 25:11) 
0.69 (0.25. 1-95) 
1.08 (0.58, 2.03) 
0.77(0.38, 1.55) 



8 

0.06 (0, OS) 
0.9 .(0.23, 3.56) 
0.47 (0.1, 2.1) 
1.17 (0,55. 2.49) 
1.31 (0.88, 1.95) 
0-46 (0.19, K09) 



10 

0.1 (MZ, 0.063) 
0.76 (0.23, 2.56) 
0.27 (0.08, 0.86) 
0.83 (0.39, K79) 
0.94 (0-57, 1.57) 
0.19 (0.05, 0.82) 



48-51 

0.5 (0.01, 37.61) 
2.24 (0.14/36.74) 
0.66 (0.14, 3-04) 
0.61 (0.11, 3.4) 
0.6 (0.2, 1.82) 
0.65 (0.26, 1.64) 



• Any convene* Nerval excluding the valve T impto * static significant W« jf the th ° GMT 
of I^v^i^nmcantly less than the GMT of Hib+HB+DTaJMPV. Statistical* sagmfic^t results are tn boW type. 



Table 3 ■ 
Response rate to Hexavac™ versus the control group" 



Antigen 

HB 

Hib 
D 

T 

FHA 
FT 



Percent responded (Hexavac 1 * 1 , control) at week: 



Pre 



8 



10 



48-51 



0,0 
12, 12 
33.0 
0,0 
0,0 
0,0 



0, 12 
100. too 
17, 0 

0, 0 

0, 0 
62, 87 



37, 100 
100, 100 
100, 100 
100, 100 
100. 100 
100, 100 



100, 100 
100, 100 
100. 100 
100, 100 
100, 100 
100, (00 



83, 87 
83, 75 
100, 100 
100, 100 
100, 100. 
100, 100 



- Criteria for response: HB (>>0 mlU/ml); Hib (><U5 mcg/ml); D <>0 
>4). 

there was do significant difference in the antibody 
response to any component of the vaccine between 
monkeys injected with Hexavac™ versus separate site 
injection of Hib + HB + DTaP-IFV. The kinetics of the 
response also deserves comment. With the exception of 
the response to Hib, the titers to each vaccine compo- 
nent increased following each dose of vaccine. The 
reason for the hnmediate and vigorous response to Hib 
is not known, however, the rapid response suggests that 
the monkeys may have been primed by prior exposure 
to Haemophilus influenzae or to a cross-reacting organ- 
ism. Subsequent injections of Hexavac™ did not signhv. 
candy increase the high titers observed after the first 
injection, which were > 10 ug/mL In previous studies 
[10], 18-22-month-old rhesus monkeys were found to 
respond earlier and with higher titers to a Hib vaccine 
(PedvaxHIB* 8 ) than 2-3-month-old monkeys. This sug- 
gests that the use of younger monkeys may enable 
better discrimination among Hib-containbg vaccines. 

The response rate of rhesus monkeys that received 
three doses of the vaccine was 100% (at week 10). This 
compares favorably with the response rates seen m a 
clinical trial of Hexavac™ in which the response rate 
was 87-100/o for each of the antigens [3]. However, the 
antibody titers achieved in rhesus monkeys were w 10- 
fold higher that.uters attained in th human post-dose 
3. The magnitude of the response of the rhesus mon- 



.01 IU/mJ); T (>0.01 IU/ml); FHA (>4 UE/ml); PT (reciprocal titer 

keys to three doses of Hexavac™ was sinmar to that of 
human infants given four injections of Hexavac™ [3], It 
should be noted, however, that the small sample size 
(/j - 8 monkeys per group) is a limitation in the inter- 
pretation of antibody titers and response rates. With 
these caveats, the rhesus monkey animal mode! de- 
scribed herein may be useful in the evaluation and 
development of future combination vaccines. 
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Abstract . 

The role of antibodies 10 the outer membrane protein PalA of Actinobacillus pleuropneumonia* in protective immunity was stodied tn 
J^S^S^SSSi Lone -nd PalA in combination with co*oid S of tfieRTX toxins A£ and Ap^g » J-J* 
Z^Z^Zi with the virulent serotype 1 of 4. pte«»on«imiMi<i*. Pigs that developed antibody titers against PalA after immunisation 

tefam after necroosy than animals not immunized with PalA. Pigs that were immunized with toxoids of the two cytotonns Apxi ana 

development of vaccines against infections with omer itoteurWfocefl*. 
© 2003 Elsevier Science Ltd. All rights reserved. 

Keyword**** membnmc protein; Exp^Tncnml infection; Antigenicity; Immunity; Vaccine; Pordne ptcumpoeurn^ J^irffac** 



1, Introduction 

Actinobacillus pleuropneumonia*, a Gram-negative bac- 
terium of the family Pnsteureltaceae* is the etiological agent 
of porcine pleuropneumonia, a severe contagious disease 
of swine with worldwide prevalence [1]- Tb date, fifteen 
serotypes have been described which variously express three 
different cytotoxins belonging to the RTX toxin family: 
Apxl, ApxJJ, ApxIII [21. These toxins mainly determine the 
virulence of the different serotypes [3]. A fourth RTX-toxin, 
ApxIV, which is expressed by all serotypes of A. pleurop- 
neumonia^ was recently detected and shown to be produced 
during infection but not during culture in growth medium 
[4,5]. Serotypes l f 5a/b, 9 and 11, which express Apxl, 
Apxll and also ApxlV. are particularly virulent, while the 
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UK. 



other serotypes which are devoid of Apxl are generally less 
virulent [3]- Vaccination is an effective strategy for the pre- 
vention of porcine pleuropneumonia outbreaks. Recently, a 
new generation subunit vaccine, composed of the three ma- 
jor RTX exotoxins (Apxl, Apxll and ApxIII) and a 42 kDa 
outer membrane protein of A. pteurvpneumoniae, has been 
developed and shown to give high protection against all 12 
major serotypes (serotypes 1-12) under experimental con- 
ditions (6,7] as well as in field trials [8-10]. Vaccination 
of pigs with the RTX toxins alone protects against mortal- 
ity but generally fails to reduce the typical A. pleuropneu- 
monia* lung lesions, while the combination of RTX toxins 
with the 42 kDa outcT membrane protein (42 kDa OMP) in- 
duced complete protection with regard to mortality as well 
as lung lesions [6]. The 42 kDa OMP is mererore a valu- 
able component of the vaccine. Among the OMPs of A 
pleuropneumonia*, PalA is the most immuiM>-predominant 
antigen [11.12]. PalA is a 1 4 kDa protein, encoded by palA 
as a precursor peptide which is processed by signal se- 
quence peptidase H and sorted by a peptide located signal 
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for the final localization of the mature protein in the outer 
membrane. PalA is conserved in all A. pleuropneumonia* 
serotypes and induces a strong IgG response in pigs natu- 
rally ox experimentally infected with A. pleuropneumoniae 
[11]. PalA shows high amino-acid (aa) sequence homology 
to the family of peptidoglycan associated proteins (PAL) 
of Gram-negative bacteria showing most similarity to the 
P6 protein of Haemophilus influenza [11,13,14] and to the 
16kDa Omp of Pasteureila muttocida [15]. There is evi- 
dence that PAL proteins of Pasteurellaceae, in particular P6 

f H. influenzae, can act as protective antigens. P6 was there- 
fore suggested to be included in vaccines against H. influen- 
zae induced meningitis and avian cholera [15J 6]. Antiserum 
directed against recombinant P6 protein was shown to be 
bactericidal against clinical H. influenzae isolates, including 
highly pathogenic non-rypable strains [17];.Antibodies toP6 
give passive protection to infant rats against H. influenzae 
type b-induced meningitis. In the view of the importance 
of PAL proteins as potential vaccine antigens, we have de- 
signed the. present study to analyze the role of PalA alone, 
and in combination with toxoids of the RTX toxins Apxl 
and ApxH in induction of protective immunity against chal- 
lenge of pigs with a virulent A. pleuropneumoniae serotype 

J Strain, 4074 T . 

2. Materials and methods 

2.1. Bacterial strains, growth conditions and vectors 

A pleuropneumoniae 4074 T (serotype 1 reference strain) 
used for PGR amplification of the palA gene t and A pleu- 
ropneumoniae serotype 1 strain l-L-452 used for challenge, 
were grown on solid Columbia broth agar (BBL Microbiol- 
ogy Systems, CocVeysville, MD, USA) supplemented with 
lOmM 3-NAD (Sigma Chemicals, St Louis, MO, USA) 
or in liquid medium consisting of Columbia broth supple- 
mented with 10 mM p-NAD. In order to avoid appearance 
of contaminating bacteria during re-isolation of A. pleurop- 
neumoniae from the challenged pigs, lungs and tonsils were 
first superficially decontaminated with a hot spatula before 
sampling with sterile tools from the inside of the tissues. 

Escherichia coti K-12 strain XL! -blue MRF (Stratagene, 
La Jolla, CA. USA) and £ coli B strain BL21 (DE3) (No- 
vagen, Madison, Wl, USA) were grown in Luria-Bertani 
(LB) broth [18] at 37 °C in orbital shaker incubator. Ampi- 
cillin 100>gAnl was added when needed for selection or 
Stabilization of plasrnids. Cloning vector pETHIS-1 [4] was 
used for the production of recombinant poJy-histidine tailed 
peptides. 

2.2. DNA extraction, manipulation, cloning and 
sequence analysis 

Gen role DNA from A pleuropneumoniae was extracted 
by the guanidiumthiocyanate method [19]. Ligation, gene 



cloning, plasmid extraction, restriction endonuclease diges- . 
tion and analysis of the DNA fragments by agarose gel eleo 
trophoresis were performed using standard protocols [18]. 
Plasmid extraction was done using the alkaline lysis method 
with the Miniprep kit (Qiagen AG, Basel, Switzerland). 
DNA sequencing reactions were performed with approxi- 
mately 500 ng plasmid DNA per reaction mixture and 5 pmol 
of primer. Sequences were determined with an ABI Prism 
model 310 genetic analyzer (Applied Biosystems, Foster 
City, CA^USA). DNA sequences were assembled and edited 
by using the Sequencher 3.0 program (Gene Codes Corp-, 
Ann Arbor, Ml* USA) to obtain contiguous sequences. 

2.5. Production of antigens for valines 

PalA protein from A. pleuwpneumoniae serotype 2 strain 
S41 1 for. vaccination was produced as described earlier 
and involved heat extraction in PBS buffer (Na-phosphate 
50mM, pH 7-5, NaCl 0-85%) for 1 h at 60°C ammonium 
sulfate fractionation and separation by SDS-PAGE followed 
by electroelurion [11]. The commercially available subunit 
vaccine, Porcilis App™ (Intervet International, . Boxrneer, 
the Netherlands), was used as reference preparation for the 
titration of the Apxl and ApxII antigens* Apxl and ApxII 
proteins were prepared from supematants of A. pieurojh 
neumoniae serotype 5b bacteria grown at 37 P C for 6 h in 
Columbia broth supplemented with pNAD 10^g/ml and 
CaCl 2 25 mM. Cells were removed by centrifugation and 
sterile filtration through a low protein binding 0*45 *un fil- 
ter (Acrocap, #4482, Gelman Laboratory, Ann Arbor, MI, 
USA). Apxl and ApxII were Subsequently concentrated by 
ultrafiltration on a 500 kDa MW cut-off poly ether sulfon 
filter (Amicon, bioseparations, Miflipore, Bedford, MA, 
USA). Protein concentrations were measured by the method 
of Bradford [20], Apxl and ApxII preparations were ana- 
lyzed by standard SDS-PAGB stained with Coomassie blue 
[21 J where they revealed a predominant band at 105 kDa in- 
dicating that Apxl and ApxII represented the major proteins 
(estimated to 90% of the total proteins) in the preparations 
[22]. 

For the vaccination of pigs, the following vaccines were 
produced: (i) Vaccine I (PalA) consisted of 80 jig PalA pro- 
tein in 2 ml Diluvac Forte® adjuvant formulation (Intervet 
International) per vaccine dose with 0.02% (v/v) formalde- 
hyde final concentration, (ii) Vaccine H (PalA + Apxl 
4- ApxU) consisted of 80 u£ recombinant PalA, Apxl and 
ApxII in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0.02% (v/v) formaldehyde final concen- 
tration, (iii) Vaccine HI (Apxl + ApxII) consisted of Apxl 
and ApxII in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0.02% (vAv) formaldehyde final concen- 
tration; the concentrations of Apxl and ApxII in vaccines n 
and m were titrated by specific antigenic mass EUSA and 
adjusted to the same concentrations of antigens in the com- 
mercially available vaccine Porcilis App™ orresponding 
to approximately 50 u,g of Apxl and 25 \i£ of ApxII per dose 
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(2ml) of vaccine, (iv) Vaccine IV (PorciHs App™> was a 
positive protection control, using the commercially available 
subunit vaccine Porcilis App™ antervet International). 

2.4. Vaccinations and challenge 

Vaccination was done intramuscularly. For each vaccine, 
three 6 weeks old SPF landrace pigs were immunized on 
day 0 (zero) and subsequently received a booster vaccina- 
tion on day 28. Three control animals (group V) received 
injections of adjutants on the same days. Two weeks af- 
ter booster vaccination, on day 42, control sera were taken 
and then the pigs were challenged with A pleuropneumo- 
nia* serotype 1 strain l-L-452. The bacteria for challenge 
were grown for 6 h and washed twice by centnfugahon at 
10,000 x g for 15 nrin and re-suspension in the original vol- 
ume of PBS buffer. Pigs of all groups were exposed at me 
same time for 15min to the bacteria in an aerosol using a 
De Vilbiss nebulizer [23]. After challenge, fever and respira- 
tory symptoms were recorded. Two weeks later, on day 56, 
the pigs were slaughtered, unless they died of the infecuon 
or had to be euthanized prior to this date. Blood was taken 
on the day of immunization, on day 42 (prior to challenge) 
and from the surviving animals at day 56. Dead and euth- 
anized animals were subjected to post-mortem examination 
for typical lung lesions and recovery of challenge bacteria 
from lungs and tonsils. 

2,5. Production of recombinant PalA'His 

In order to specifically monitor the antigenic response 
to PalA in vaccinated pigs, we have produced an anti- 
gcnically specific recombinant peptide consisting of the 
hydrophilic central- and C-terminal part of PalA con- 
taining the 106 most C-terminal amino acids (11.54kDa) 
fused to 6 N- terminal and 10 C-terminal histidine residues. 
The corresponding part of the palA gene was amplified 
using the oligonucleotide primers X89009-L (Qgccatatg- 
CAAACTCGTTACACCACT) and XS9009-R (cgcggatcc- 
GTATTUIAATACTGCACG). The primers were designed 
to contain recognition sites for the restriction enzymes 
Ndel and BamHl (shown in italic letters) by the addition 
of supplementary nucleotides (shown in lower case). This 
procedure allowed the PCR amplification product to be 
cloned into the NM and BamHl cloning sites of vector 
pBTHlS-1. PCR was carried out with a DNA thermal cycler 
(GeneAmp 9600; Perkin-Elmef Cetua, Norwalk, CT, USA) 
in a 50p,l reaction mixture containing lOmM Tris-HCl, 
pH 8.3, 1.5 mM MgCl 2 , 50 mM KC1, 0.005% TVeen 20, 
170 pM of each dNTR 0.25 pM forward and reverse 
primers, 05 units Rwo polymerase and 5 ng genomic DNA 
of A. pleuropneumonia* strain 4074. The amplification was 
carried out for 35 cycles (30 s denaturation at 94 °C, 30 s 
annealing at 50 °C, 1 min elongation at 72 °Q. The PCR 
product was purified using the Q1A quick PCR purification 
kit (Qiagen, Basel, Switzerland), cut with the restneuon 



enzymes Ndel and BamHl and ligated to If del and BamHi 
digested pETTHS-l; Ligated DNA was transformed into 
£ coli strain XLl-blue MRF and positive clones were se- 
lected by colony hybridization using a digoxigenin labelled 
DNA probe for palA [1 1]. A positive clone, named pJFF- 
PalAlH. was sequenced to verify the integrity of the cloned 
segment of palA and the fusions with the poly-His codons 
of pETHlS-1. For biosynthesis of recombinant PaLVHis 
peptide, plasmid pJFFPalAlH was introduced into £ coli 
BL21 (DE3) for expression, which was induced by addition 
of 1 mM IPTG at mid-exponential phase and incubation 
for a further 2.5 h. Following induction, the poly-histidine 
tailed fusion protein PalA'His was purified from cell ex- 
tracts dissolved with 6M guanidine hydrochloride using , 
Ni 2+ chelate affinity chromatography (Qiagen) according 
to the manufacturer's instructions. The bound Pa^'His : 
was eluted by slowly decreasing the pH from 8.0 to '4.5 
with 50 mM potassium phosphate buffer. 300 mM NaCl, 
6M guanidine hydrochloride. Following elution at pH 4,5, 
the fusion protein was dialyzed against 50 mM phosphate 
buffer, 300 mM NaCl, pH 7.5. The fractions were analyzed 
by standard SDS-PAGE [18] and protein concentrations 
were measured by the method of Bradford [20]. 

2.6. Serological assays 

In order to monitor the immune response to PalA in vac- 
cinated pigs, we have developed an immunoblot assay us- 
ing purified recombinant PalA'His as an antigen. Samples 
of 100 m«* PalA'His were separated on 14% SDS-PAGE 
of 8 cm x & cm and subsequently blotted onto nitrocella-; 
lose membranes (BioRad. Hercules, .CA, USA. product no. 
162-0112). The dried membranes were cut into 20 strips 
with a width of 4 mm in order to get immunoblot strips 
each containing 5 *g of PalA'His. The strips were reacted 
with pig sera diluted 1 :500, using the standard immunoWot 
procedure [18], Phosphatase labelled goat antibodies, di- 
rected against pig IgG (Kirkegaard & Perry, Gaithersburg, 
MD. USA; product no. 051401), diluted 1:2000, followed 
by addition of nitroblue tetrazolium and bromochlorindolyl 
phosphate in alkaline phosphate buffer [18], were used to ; 
visualize bound antibodies. Each lot of immunoblot strips 
was controlled using rabbit anti-Pa)A antibodies [11] at a 
dilution of 1:1000 and phosphatase labelled goat antibodies 
directed against rabbit IgG (Kirkegaard & Perry, product n . 
075-1506) diluted 1:2000. 

Specific antibody titers in serum against Apxl, ApxTI, 
ApxTH and 42kDa OMP were determined by indirect 
ELISA as described [24]. This ELISA is based on the 
antigens Apxt ApxII, ApxlH and 42kDa OMP that were 
purified from A. pleuropneumonias strains with serotypes 
not related to the production strains used for vaccine anti- 
gen production, in order to avoid possible cross-reaction 
with c ntaminating polysaccharides. Concentrations of 
antigen preparations were determined in antigenic mass 
ELISA (toxins) or SDS-PAGE (OMP), relative to reference 
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preparati ns. The antigenic mass ELISA determines the 
concentration in arbitrary units relative to the reference 
preparations. The concentrations of the proteins used for 
coating of the micro-titer plates for antibody ELISA were in 
the order of 1 \igfmL Final adjustments were made depend- 
ing on antibody titers obtained with positive and negative 
reference sera. Routinely samples were measured twice and 
the mean values were reported The differences .of the two 
measurements were below 10%. 



3. Results 

3 J. Immune response to PalA in vaccinated pigs 

The results of the analysis of anti-PalA antibodies in the 
blood sera by immunoblots with PalA'His are shown in 
Fig. 1. All pigs were free of anti-Pal A antibodies before 
vaccination. Pigs vaccinated with vaccines I or H, which 
contained PalA alone or in combination with Apxl -h Apxll, 
showed a weak reaction 28 days after the first vaccination, 
and a strong anti-PalA reaction 2 weeks after the booster 
vaccination. One pig belonging to group H (#176), from 
which a blood sample was taken, before slaughter, showed 
an anti-PalA reaction on day 56 (Fig. 1 ). Groups m and IV 
of pigs that were vaccinated with vaccine containing Apxl 



group 1_ 



i r 



group 2 



£174 #125. 

"~ HI 



#176 #177 »178 




groups 



group 4 




'#179 #180 #181 ' #183 #184 #289 

i %W ill ill Mj 

.. «.#a if* life iii! 

Fig. 1. Serological analysis of witi-PalA antibodies. Immunobk* strips 
each containing 5 w P&LVHis protein incubated with ihe different sera 
before and after vaccination are shown. Figures in the horizontal position 
indicate the pig numbers, figures in the vertical position indicate days after 
vaccination- Croup I included pigs #173, #174 and #175 vaccinated with 
vaccine I (PalA); group 11 included pigs #176, #177 and #178 vacdmaed 
with vaccine 11 (PalA + Apxl + Apxll); group III included pigs #179. 
#l&0 and #181 vaccinated with vaccina 111 (Apxl + Apxll); group IV 
included pigs #183. #184 and #299 vaccinated with vaccine IV (Porolis 
App™ Cntervet) containing Apxl Apxll, Apxlll and 42 kDa Omp). Note 
that pigs #173. #174. #175 and #177 died or were euttenised before the 
end of the experiment. Std: broad range prc-smined protein markers (New 
England Biofcbs, Beverly, Mass. USA; no. 77085); the posliion of the 
molecular masses of 25. 16.5 and 6.5 kDa are indicated. 
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ELJSA titers are expressed as the logarithm (logio) of the reciprocal of 
the highest dilution of serum with an OD above that of the preunrruine 
serum for each pig diluted I;l00 as defined by [24]. Figures represent 
the mean values of two measurements. 
« Indicates below detection level 

+ Apxfl or with the commercial vaccine respectively, did 
not show anti-PalA antibodies after first vaccination (day 
28) or after booster vaccination (day/42). One pig (#181) of 
group m showed a very weak ant>PalA reaction 2 weeks 
after challenge on day 56, which is thought to be due to the 
challenge with A. pleuropneumonia* (Fig. D- 

The antibody responses to vaccination against ApxL 
Apxll, Apxin and 42 kDa OMP were as expected for the 
various vaccines containing these antigens, as shown in. 
Table 1. The comparison of antibody titers against Apxl 
and Apxll after vaccination with PalA (group II) or without 
PalA (group HI) added, showed that the serological titers of 
Apxl and Apxll were not affected by the presence of PalA 
in the vaccine. 

3.2. Protection against irfection with 
A. pleuropneumonias 

The susceptibility of the pigs to A pleuropneumonias was 
assessed by challenge of a nenvvacdnated group of pigs. In 
this group, all pigs showed high fever after the challenge 
as well as abdominal respiration and coughing, which are 
typical signs for pleuropneumonia (Table 2). One of the 
three pigs died 6 days post-infection- Upon necropsy, all 
pigs showed lung lesions affecting; on average, 50-75% of 
the lungs. These results showed that the challenge with A. 
pleumpneumoniae serotype 1 strain resulted in typical signs 
of porcine pleuropneumonia under the given experimental 
conditions. 

The group of pigs vaccinated with the commercial vac- 
cinePorcilis App™ (vaccine IV) showed significantly fewer 
clinical signs after challenge with low or no fever and vir- 
tually no respiratory distress. No mortality occurred in this 
group and no or only minor lung lesions affecting less than 
25% of the lung were detected. These results testify to the 
high protection obtained with the subunit vaccine- 

In the group of pigs vaccinated with Apxl and Apxll alone 
(vaccine IE), a high level of protection against infection with 
A. pleuropneumonia* serotype I was observed. This was 
similar to the group vaccinated with the commercial subunit 
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•S^of challenge with A pUu^onia, sei^ype » on pigs vaccinal with various vaccine, 
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* — g^ the day Of death pc-M—* W — « 

that the pig did not d*. v . ^ _ m ^rj* affected; (3) *l-75% affected: (4) 76-100% affected (severe lesions). 

sions (score 4 with 75-100% of the lungs affected) compared 
to one animal out of three in the control group (Table 2). 

From pigs of all groups, the challenge strain could be 
re-isolated after necropsy from lungs and from tonsils, show- 
ing tt0 differences between the control group and the differ- 
ent vaccinated groups. From a few animals, re-isolation of 
the challenge strain was hindered due to strong growth of 
other bacteria on the culture media CTable 2). 



vaccine, this group showed no mortality, only one pig with 
mild fever and increased respiration rate and virtually no 
lung lesions after necropsy. 

Vaccine n. containing PalA added to Apxl and ApxII, 
showed no protection. On average, the pigs showed clinical 
signs similar to the non-vaccinated control group. In this 
group the mortality rate was similar to that of the control 
group. In addition, lung lesions in this group showed the 
same scores as in the non-vaccinated group. 

Vaccination of pigs with purified PalA alone (vaccine I) 
showed no protection, but rather severe symptoms and rapid 
death after challenge with A. pleuropneumonia! serotype 1 . 
All three pigs died within 1 or 2 days after challenge and 
subsequent necropsy revealed severe lung lesions. In com- 
parison with the non-vaccinated control group, vaccination 
of pigs with PalA alone resulted in a significant increase in 
mortality, three out of three PalA vaccinated animals died, 
compared to one animal out of three that died from the con- 
trol group Or 5 = 3.0; P = 0.08) (Table 2). Most significant 
was the sudden death after challenge of the PalA vaccinated 
pigs one to 2 days post-infection, while in the control group 
one pig died 6 days post-infecti n (Table 2). Upon necropsy, 
all pigs vaccinated with PalA showed very severe lung le- 



4. Discussion 

The family of PAL proteins has been characterized as 
proteins constituting integral parts of the outer membrane 
of many Gram-negative bacteria. They are highly conserved 
within- given bacterial species. Moreover, they show strong 
similarities between different bacterial species. They are 
described as very strongly antigenic proteins in several 
pathogenic bacteria such as A, pleuropneumonia* [111, H. 
influenzae [25.26], Legionella pneumophila [27], P multo- 
clda [151, Campylobacter jejuni [28] and Brucella abortus 
(29]. The prototype of PAL, the peptidoglycan associated 
lipoprotein PAL of £ coli was shown to form complexes. 
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ne type together with the outer membrane proteins TolA, 
TolQ and TolR. and a second type with the periplasmic pro- 
tein TblB, in order to maintain the outer membrane integrity 
by anchoring the ojiter membrane to the. peptidoglycan 
layer [30]. Mutants deficient in the PAL protein appear 
to be debilitated for growth under certain conditions. A 
PAL-deficient mutant of Haemophilus ducrei was shown to 
display a reduced capacity for pustule formation compared 
to its wild type pandit when injected in human volunteers 
131]. In addition, the mutant was more susceptible to the 
antibiotics Erythromycin, Cefotaxime and Ciprofloxacin 
than the wild type strain and could not be rcisolated from 
pustules in contrast to the wild type strain [31]. The PAL 
proteins seemed therefore to be valuable targets for immune 
protection. Several reports of indirect evidence indicate that 
protein P6 (alternatively named Hi-PAL) of tf. influenzae Is 
involved in the induction of protective immunity against R. 
influenzae infections. They include studies showing that an- 
tibodies to P6 are protective in the infant rat model against 
invasive H. influenzae type b [32]; the demonstration of 
bactericidal activity for influenzae of an antibody to 
P6 immunopurified from human serum [33]; and the fact 
that rabbit antiserum raised to purified P6 is bactericidal 
for a broad range of H- influenzae strains including many 
non-typable H. influenzae [16]. From these results it was 
thought that P6 might be a valuable subunit in vaccines 
against H. influenzae infections. Moreover, PAL of other 
pathogens were considered as appropriate antigens in vac- 
cines. However, no protection against avian cholera was 
obtained by vaccination with recombinant P6-like protein 
from P multocida [34]- 

In our approach to examine the effect of a PAL protein as 
candidate for a vaccine, we have taken advantage of a well 
established challenge model of pigs with A, pleunpneumo- 
niae to test the efficacy of PalA alone or PalA in combi- 
nation with known protective antigens as vaccines against 
porcine pleuropneumonia. In our study, a small number of 
animals were tested for ethical reasons and, therefore, it 
does not allow for thorough statistical analysis. However, 
our data clearfy show that pigs, which developed antibody 
titers against PalA after immunization, showed more sig- 
nificant symptoms, a much higher mortality and died much 
faster after challenge with A. pleuropneumonia* than un- 
vaccinated control pigs! The more severe lung lesions found 
after necropsy in the PalA vaccinated group further high- 
lighted this observation- Hence the higher mortality and the 
faster occurring death in the PalA vaccinated group seemed 
to be an aggravation of the pleuropneumonia and was not 
due to secondary effects like septic shock. The difference in 
protective efficacy between the vaccine containing Apxl and 
ApxII and the vaccine with Apxl, ApxII and PalA is of par- 
ticular interest The pigs vaccinated with the two cytotoxics 
Apxl and ApxII were well protected against challenge with 
A. pteuwpneumoniae serotype 1, like the group that was 
vaccinated with the commercially available subunit vaccine 
Porcilis App™. In contrast, the protective efficacy of Apxl 



and ApxII vaccine was completely lost when it was supple- 
mented with PalA, as shown in the group of pigs vaccinated 
with vaccine IL H nee, PalA antibodies significandy reduce 
the protective effect of anti-ApxI and anti-Apxri antibodies. 
The mechanism behind this negative effect of PalA on pro- 
tective immunity is not known- However; we rale out the 
possibility that PalA would have had a negative effect on the 
induction of antibodies against Apxl and ApxII, as the and 
Apxl and ApxII titers are the same in the presence or ab- 
sence of PalA. Since PalA is well conserved in all serotypes 
of A pieuropneumoniae, the effectis expected to occur with 
any of the serotypes. 

Although the limited number of animals used did not sal- 
low us to perform dose-dependence studies, we conclude that 
PaJA should be absent in vaccines against A. pleuropneumo- 
nia* Our study does not permit us to extrapolate whether 
other PAL antigens such as P6 of JSL influenzae would yield 
similar effects. However, PalA shows very high similarity 
to P6 of H. influenzae (73% identical and 82% similar aa) 
and to P6-like protein of R multocida (72% identical and 
97% similar aa). Vaccination with other PAL proteins could 
therefore result in similar negative effects, or as in the, case 
of the P64ike protein of P. muhocida, give no protection 
{34]. When using whole cell preparations of bacterial cul- 
tures (bacterin vaccines), it must be noted that the concen- 
tration of PAL proteins varies depending on the mode of cul- 
tivation and preparation of the bacteria, and might therefore 
vary from one batch to another. Consequently, this could be 
an explanation of the variations in protective efficacy of cer- 
tain bacterin vaccines, which are currently observed. Since 
the negative effect of PAL proteins in vaccines seems to be 
non-predictable, it would be advisable to avoid PAL pro- 
teins in vaccines unless specific evidence for a positive ef- 
fect on protection is found. The existence of such negatively 
acting components gives further support to the need for de- 
velopment of well defined subunit vaccines against bacterial 
infections. 
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Form includes the prescribed fee. In the event of underpayment or overpayment please apply any 
additional charges or refunds to USPTO Deposit Account Number 500715. 

(1) Partv o f Interest , 

The real party of interest with respect to this patent application is Aventis Pasteur 
Limited. Assignments from the inventors to Aventis Pasteur Limited are recorded at Reel 
013317/071 1, 0724 and 0733 on September 20, 2002. 

(2) Related Appeals and Interferences 

The appellants, the appellants' legal representatives and assignee, are unaware of 
any pending appeals or interferences which will directly affect or be affected by or have a 
bearing on the Board's decision in the pending appeal. 

(3) Status of Claims 

This application was filed with claims 1-26. In the response dated September 25, 
2002 to the Office Action of March 27, 2002 claims 6-24 and 26 were cancelled, claim 25 
amended, and new claim 27 added. 

Claims 1-5, 25 and 27 were finally rejected in an Office Action dated December 
31, 2002. Claims 1-5, 25 and 27 are pending and the subject of this appeal and appear in. 
Appendix I hereto. 

(4) Status of Amendments 

This application was filed with claims 1-26. Claims 1-5, 25 and 27 are pending 
and no amendments were filed subsequent to this final rejection. 

(5) Summary o f Invention 

The present invention is directed to an immunogenic composition for conferring 
protection in a host against disease caused by Haemophilus influenzae, including otitis media. 
The composition comprises at least two different antigens of Haemophilus influenzae, at least 
one of which antigens is an adhesin (claim 1) and wherein said adhesin is a high molecular 
ght (HMW) protein of a non-typeable strain of Haemophilus influenzae, (claim 2), 
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particularly an HMW 1 or HMW 2 protein of the non-typeable. strain (claim 3), and said antigen 
which is not an adhesin is a non-proteolytic heat shock protein of a strain of Haemophilus 
influenzae ( claim 4) and wherein the heat shock protein is an analog of Haemophilus influenzae 
Hi»47 protein having a protease activity which is less than about 10% of that of the natural 
Hin47 protein (claim 5). The invention is further directed to compositions where the HMW 
protein is recombinantly produced and said antigen which is not an adhesin is an analog of 
Haemophilus influenzae Hin47 protein having a decreased protease activity which is less than 
about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 91 is 
replaced by Alanine (claim 27). The present invention is further directed to a method of 
^rmn^gr n host against disease caused by infection with H. influenzae (claim 25), . 

(6) Issues 

The issues for consideration is the rejection of, claims 1-5 and 25 under 35 U.S.C. 
112 1* paragraph and claims 1-5, 25 and 27 under U.S.C. 103(a) as being unpatentable over 
Barenkamp et al in view of Loosmore et al . 

(7) (grouping of Claims 

All claims do not stand or fall together, but rather each claim is individually 

patentable. 

(8) Argument 

(a) Background the Invention 

Haemophilus influenzae is the cause of several serious human diseases, such as 
meningitis, epiglottitis, septicemia and otitis media. There are six serotypes of H. influenzae, 
designated a to f, that are identified by their capsular polysaccharide. H. influenzae type b (Hib) 
major cause of bacterial memngitis until the introduction of several Hib conjugate vaccines 
the 1980*s. Vaccines based upon H. influenzae type b capsular polysaccharide conjugated to 
diphtheria toxoid, tetanus toxoid, or Neisseria meningitidis outer membrane protein have been 
effective in reducing H. influenzae type b-induced meningitis. The other serotypes of H. 
influenzae are associated with invasive disease at low frequencies, although there appears to be 
an increase in the incidence of disease caused by these strains as the incidence of Hib disease 
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declines. Noncapsulated or non-typeable H. influenzae (NTHi) are also responsible for a wide 
range of human diseases including otitis media, epiglottitis, pneumonia and tracheobronchitis. 
The incidence of NTHi induced disease has not been affected by the introduction of the Hib 

vaccines. 

Otitis media is the most common illness of early childhood, with.60,to 70% of all 
children, of less than 2 years of age, experiencing between one and three ear nations. Chronic 
otitis media is responsible for hearing, speech and cognitive impairments in children. K 
influenzae infections account for about 30% of me cases of acute otitis media and about 60% of 
chronic otitis media. In the United States alone, treatment of otitis media costs between 1 and 2 
billion dollars per year for antibiotics and surgical prwsedures, such as tor^Uectomies, 
adenoidectomies and insertion of tympanostomy tubes. It is estimated that an additional $30 
billion is spent per annum on adjunct therapies, such as speech merapy and spedal education 
classes. Furthermore, many of the causative organisms of otitis media are becoming resistant to 
antibiotic treatment. An effective prophylactic vaccme against otitis me<!k is miis desirable. 

(b) The Present Invention 

Having regard to the above Background, it would be desirable to provide 
efficacious combination vaccines comprising H. influenzae components containing selected 
relative amounts of selected antigens. The present invention provides an iinmunogenic 
composition for conferring protection in a host against disease caused by infection with /f. 

influenzae, including otitis media. 

The immunogenic composition comprises at least two different antigens of H. 
influenzae, one of which is a high molecular weight (HMW) protein of a non-typeable strain of 
Haemophilus influenzae at least one of which is an adhesin as claimed in claim 1, and all chums 

dependant thereon. 

Claim 2 recites that the adhesin is a high molecular weight (HMW) protein of a 



non- 



uw -typeable strain of H. influenzae. Claim 3 recites, that me HMW protein is a HMW 1 or 
HMW 2 protein of a non-typeable strain of H. influenzae. Claim 4 recites that the antigen which 
is not an adhesin is a non-proteolytic heat shock protein of a non-typeable strain of if. influenzae. 
Claim 5 recites that the heat shock protein is an analog of Haemophilus influenzae Hin47 protem 
having a protease activity which is less than about 10% of that of the natural Hin47 protein. 
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Claim 27 further recites that the Hin47 protein having a decreased protease activity which is less 
than about 10% of that of the natural Hin47 protein in which the Histidine at amino acid position 
91 is replaced by Alanine. The applicants data supports such results. 

( C ) Re jection of claims 1 -5 and 25 under 35 VfiC. 1 1 2 l fl paragraph. 

The HMW proteins are described in Barenkamp et al cited by the Examiner in the 
prior art rejection while the Hin47 analogs are described in the Loosmore et al reference cited by 
the Examiner in the prior art rejection. In the Barenkamp et al reference, there is described bom 
the isolation of the HMW protein from natural-source materials and recombinant production. It is 
submitted, that the enablement is not limited to recombinantly-produced HMW protein. 

In the Loosmore et al reference, there is described the manner of producing the 
non-proteolytic analog of Hin47 protein. In this respect, at least one amino acid contributing to 
protease activity is deleted or replaced by a different amino acid. The Loosmore et al reference 
describes how to identify such amino acid by comparison to known proteases. The reference 
specifically describes that the deleted or replaced amino acid maybe selected from annuo acids 
195 to 201 and specifically describes replacement of Serine-197 with alanine, other specific 
amino acid mutations described are Histidine-91 replaced with alanine, and lysine or arginine- 
121 replaced with alanine. The immunogenic properties of these various mutants are described in 
Loosmore et al. Based on this information, there is no reason to suppose that any other non- 
proteolytic analog would not also function in the same manner as the specific H9IA Hm47 
analog utilized in the experiments described in the application ( page 1 8 lines 4-12). It is 
submitted that enablement is not limited to the specific H91 A Hin47 analog, but rather extends at 
least to any non-proteolytic analog of the Hin47 protein. The Examiner indicates that the 
objection of lack of enablement is based, to some extent, upon lack of guidance as to how to 
determine compositions other than that specifically identified by the Examiner. It is submitted 

that such is not the case. 

Specifically, the specification tells a person skilled in the art that two different 
antigens of Haemophilus influenzae are employed and that one of them has to be an adhesin and 
the other does not Testing to determine if an antigen is an adhesin or not an adhesin is within the 
skill of the art. In this regard, the Examiner's attention is directed to the experimentation 
described in Barenkamp. 
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In addition, the person skilled in the art is advised that one such adhesin protein is 
the HMW protein, where that is described and how to produce it both from natural-source 
materials and recombinant^ (see page. 2, line 23 to page 3, line 23). In addition, the person . 
skilled in the art is advised that one such nonadhesin protein is a non-proteolytic analog of Hin47 
protein or other non-proteolytic heat shock protein and how to produce such an analog (see page 
3, line 14 to page 3 line 31). . ' . 

Furthermore applicants have given guidance to one skilled in the art to test if a 
composition is an immunogenic composition (see example 4 pages 1 8 to 20 of the present 
application). 

Having regard to the foregoing discussion, it is submitted that claims 1 to 5 and 25 are fully 
enabled by the disclosure. 

(d) Rejection of claims 6-24 under 35 US(i 103faV 

Claims 1 to 5, 25 and 27 have been finally rejected under 35 USC 103(a) as being 
unpatentable over Barenkamp (WO 97/36914) in view of Loosmore et al (US Patent 5,506,139). 

Claim 1 defines an immunogenic composition for conferring protection in a host 
against disease caused by Haemophilus influenzae comprising at least two different antigens of 

Haemophilus influenzae. 

- one of which antigens is an adhesin 

- the other of which antigens is not an adhesin. 

The Examiner has identified Barenkamp et al as describing a Haemophilus 
influenzae protein which is an adhesin and Loosmore as describing a Haemophilus influenzae 
protein which is not an adhesin. The applicants position is that neither reference provides the 
motivation to combine the two immunogens in a single composition, as required by claim 1 . 

Barenkamp teaches high molecular weight proteins of non-typeable H. influenzae 
identified as HMW1, HMW2, HMW3 and HMW4, which are characterized by molecular weight 
and sequence information. Loosmore et al teach an analog of H. influenzae Hin47 protein with 
reduced protease activity. It is submitted that these references lack any motivation to combine 
two afferent antigens of H. influenzae, namely a non-proteolytic Hin47 protein of Loosmore et 
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al with the HMW proteins of Barenkamp et al in an immunogenic composition. It is the 
applicants position that neither reference provides the motivation to combine the two 
immunogens in a single composition as required by claim 1, and by dependency all claims on 
appeal. 

While suggesting various combinations, there is no suggestion here to combine 
different proteins derived from the same pathogen, as in applicants claim 1. Again, the references 
are silent as to any specific combination contemplated 

The cited prior art lacks the motivation to do so. There are vague, non-specified 
indications in both references to combine other components with the specific trmnunogen, but 
there is no specific indication as to what that other component may comprise, other than an 
adjuvant or materials from the pathogens and/or materials from various strains of the same . 
pathogen. 

As the Examiner has pointed out, on page 49, lines 15 to 19 of Barenkamp, it is 

stated: 

... the data suggests the HMW adbesin proteins are potentially important 
protective antigens which may comprise one component of a multi-component 
NTHI vaccine." 

This passage appears to suggest that only Haemophilus proteins which are the HMW adhesin 
proteins are appropriate components. The non-proteolytic analog of Hin47 is not an adhesin 
(although initially thought to be adhesin, see col. 2. line 17 of Loosmore et al). (It is pointed out 
that the Examiner is incorrect in the statement that the adhesin protein "should." comprises one 
component of the NTHI vaccine. As can be seen from the above quotation, Barenkamp uses the 
word "may"). 

Even if the Examiner finds motivation in this passage of Barenkamp to combine 
the HMW protein with another Haemophilus antigen, whether an adhesin or not, such motivation 
still provides no motivation to select the non-proteolytic Hin47 analog as the other Haemophilus 
antigen. 

There have been a significant number of Haemophilus proteins identified as 
vaccine candidates besides the HMW and Hin47 analog proteins. These proteins . include the 
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various outer membrane proteins A to H, lactoferrin and transferrin receptor protein and the PI, 
P2, P6 and Dl 5 proteins. It is submitted that there is no motivation provided by the cited prior art 
why a person skilled in the art would specifically select from all the optional possibilities, the 
non-proteolytic Hin47 analog to specifically combine with the HMW protein. 

The Examiner states in the Office Action, quoting In re Kerkhoven, that: 

"The idea of combining them flows logically from their having been individually 
taught in the prior art." 

The "idea of combining them" does not explain why the two materials should be combined when" 
there is selectipji available. If the two antigens were the only two known antigens of 
Haemophilus influenzae, then there may be some validity to the position taken by the Exarniner, 
but this is clearly not me case here. 

In any event, caution is required when considering combining different antigens 
into immunogenic compositions because of the danger of impairment of the immunogenicity of 
the individual components one by the other. As may be seen from Applicants data, in Figure 3, 
immunogenic compositions are provide in which there is no impairment of individual antigenic 
components. 

Furthermore, these results are unexpected in the field of combination vaccines. 
There is little expectation of success that simply mixing existing vaccine antigens will not result 
in incompatibilities amongst the various antigens, resulting in loss of stability or reduced potency 
or indeed a synergistic effect increasing potency. Immune interference cannot be predicted. 
Others skilled in the art of combination vaccines have found that the preparation of combination 
vaccines is far from straight forward. For example Cauldfield et al (2001) report on the need for 
a balanced formulations of vaccine components in the preparation of DTP combination vaccines 
to circumvent interference with the components. Van den Bosch et al (2003) have also reported 
that the addition of a potential antigen (Pal A) from Actinobacillus pleuropneumoniae can 
completely eliminate the positive efficacy of known antigens (Apxl and II) when combined (see 
abstract)! 

For all these reasons, it is submitted that claims 1 to 5, 25 and 27 are patentable 
over the applied art and the rejection thereof under 35 USC 103(a) as being unpatentable over 
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Barenkamp in view of Loosmore et al. cannot be sustained. 
Summary 

Having regard to the above detailed discussion, it is submitted that the Examiner 
• is in error in rejecting claim 1 to 5, 25 and 27 as being unpatentable under 35 USC 112 I s * 
paragraph and the rejection under 35. USC 103(a) as being unpatentable over the combination of 
Barenkamp in view of Loosmore etal, should be REVERSED. 

Respectfully submitted, 



Gavin R. Zealey 
Reg. No. 39,475 
Customer No. 033444 
Toronto, Ontario, Canada, 
TEL No. (416) 667-2854 
FAX No. (416) 667-2459 
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(9) APPENDIX! 

CLAIMS APP1T AT FD 1 09/857.843^ 



1 . An immunogenic composition for conferring protection in a host against disease caused 
by Haemophilus influenzae, comprising: 

at least two different antigens of Haemophilus influenzae, at least one of which antigens 
is an adhesin. 

2. The immunogenic composition of claim 1 wherein said antigen which is an adhesin is a "* 
high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
influenzae. 

3. The immunogenic composition of claim 2 wherein said HMW protein is a HMW 1 or 
HMW2 protein of the non-typeable strain of Haemophilus influenzae. 

4. The immunogenic composition of claim 1 wherein the antigen of Haemophilus influenzae 
which is not an adhesin is a non-proteolytic beat shock protein of a strain of Haemophilus 
influenzae. 

5. The immunogenic composition of claim 4 wherein the non-proteolytic heat shock protein 
of a strain of Haemophilus influenzae is an analog of Haemophilus influenzae Hin47 
protein having a decreased protease activity which is less than about 10% of that of 
natural Hin47 protein. 

25. A method of immunizing a host against disease caused by infection with Haemophilus 
influenzae, including otitis media, which comprises adininistering to the host an 
immunoeffective amount of a composition as claimed in claim 1 . 

27. The composition of claim 1 wherein said antigen which is an adhesin is a recombinantly- 
produced high molecular weight (HMW) protein of a non-typeable strain of Haemophilus 
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tfluenzae and said antigen which his not an adhesin is an analog of Haemophilus 
influenzae Hin47 protein having a decreased protease activity which is less than about 
1 0% of that of natural Hin47 protein, in which Histidiue-91 is replaced by alanine. 
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Abstract 

Preclinical irnrnunogenicity studies were conducted in rhesus monkeys to determine whether there b immune interference in the 
im« to one or mo" components of a hexavalent vaccine (Hexavac™) that contains antigens irom HvrnpM^ inftutnae. 
rHM henatitis B (HB) diphtheria (D), tetanus (T), acellular pertussis (aP) and inactivated poho virus (IPV). Antibody responses 
SSf!l^ of the components at three separate anatomical si^ or adn^nistra.on as a h = 

combination in a single site. After three injections of the hexavalent vaccine, the peak antibody responses to ^^^°/ 
thTvactine were > 100-fold above pre-hnmune titers and persisted at levels > 1 0-fold above pre-immune titers at * year. 
Immune interference was observed in the peak response to HB, D and pertussis toxin, but was not seen at later 
Syndicate that the rhesus monkey model may be useful for preclinical evaluation of combmauon vaccines. 6 2000 Elsevier 
Science Ltd. All rights reserved. 

Keywords: Combination vaccine; Immune interference; Antigen competition: Non-human primate ^ 



1. Introduction 



The rationale for the development of combination 
vaccines has been discussed in recent publications [1- 
3}. The main benefits are to enhance compliance and 
vaccine coverage and to reduce overall healthcare costs. 
An added benefit is to 'make room' in the pediatric 
vaccination schedule for n^y^wj^V^^ for 
new rnillennium [4]. How^ 
that the prerwati^ }* ^ 

Itmm't^ tae development of the 

DTP combination vaccine, the need for 'balanced' for* 
mulations of vaccine components was recognized [5] 
and careful dose-ranging of the three serotypes of the 
oral poliovirus vaccine (OPV) was required in order to 
circumvent interference of the type 2 strain on the 
immune response to types 1 and 3 [6]. The main 



* Correspondmg author. Tel.: + 1-21M523402; fax: + 1-215- 
6522142. 

E-mail address: michis6l_caulncki@mepck.ccm (MJ. CaulfiekJ). 



impediments to the development of combination vac- 
cines are stability and irnmunogenicity. Simply rnixing 
existing vaccines can result in incompatibilities among 
the various antigens, adjuvants, preservatives, stabiliz- 
ers and excipientSi resulting in a loss of sUbBity or 
reduced potency [7J. A further confounding factor is 
that of immune interference (also known as antigen 
competition) which may not always be predicted using 
animal models. Antigenic competition was first de- 
scribed by Michaelis in 1904 [8], but is still poorly 
understood* 

The objective of the present preclinical immunogenic- 
ity studies of Hexavac™ was to determine the antibody 
response to vaccine component antigens at various 
times after immunization and to compare the response 
to the hexavalent vaccine with that induced by adminis- 
tration of Hib, HB and DTaP-IPV at separate 
anatomic sites. The results indicate that there was a 
significant difference between experimental and control 
arms in the peak responses to HB, D and PT. These 
differences fade with time and there was no significant 
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difference in the response to any vaccine component 
tested at 48-51 weeks post-dose 1. Overall, strong 
antibody responses were induced to each component of 
Hexavac™ in rhesus monkeys. 



2. Materials and methods 

2.L Experimental animals 

The rhesus monkeys (Macaco mulata) used in this 
study were born at the California Regional Primate 
Center at the University of California at Davis and all 
immunizations and blood collection procedures were 
performed at that site. Some monkeys were housed 
outdoors in social groups, whereas others were main- 
tained indoors s in pairs. Those maintained indoors had 
a 12:12 h lighfcdark cycle within a temperature range of 
ftfl7-29°C. Animals were all fed Purina Monkey 
Chow t 15% protein with fresh produce supplements 
two to three times per week. Monkeys were identified 
by tattoos containing unique numbers. The study pro- 
tocol was approved by the Institutional Animal Care 
and Use Committee (IACUC). 

2.2, Vaccine composition 

The hexavaient vaccine consisted of Hib capsular 
polysaccharide (polyribosyl ribitol phosphate) conju- 
gated to tetanus toxoid (PRP-T), hepatitis B (HB), 
surface antigen (HBsAg), diphtheria toxoid (D), tetanus 
toxoid (T), pertussis filamentous hemagglutinin (FHA), 
pertussis toxoid (PT) and three serotypes of inactivated 
pohovirus (IPV) formulated with aluminum adjuvants. 
Each 0.5 ml dose contained 12 ug PRP-T (expressed in 
poryoside), 5 \ig HBsAg, 30 Lf D, 10 Lf T, 25 ug FHA, 
25 ug PT, IPV type 1 (40 D-Ag U), type 2 (8 D-Ag U) 
and type 3 (32 D-Ag U). 

2*3. Vaccination/schedule 

One group of rhesus monkeys was immunized with 
half of the human pediatric dose of the hexavaient 



combination vaccine (Hexavac™) into a single; i.m. site, 
while a second cohort (control group) of monkeys was .. 
injected with half of the human dose of PRP-T (Ac- 
tfflB®), HBsAg (RECOMBIVAX HB*) and DTacP- 
IPV at three separate ijn. sites at 0, 4 and 8 weeks, 
according to the protocol shown in Table 1, The mon- 
keys were weighed at each time point and examined for 
injection site reactions after each dose of vaccine. In 
addition, blood samples collected at each time point 
were monitored. for changes in white cell, red cell and 
platelet levels. 

2.4. Serological assays 

Sera were collected at week 0, 4; 8, 10 and 48-51 and 
tested individually for antibody titers against PRP, 
HBsAg, D, T, FHA and PT. Due to a shortage of sera, 
serology was not performed to detect antibodies against 
poliovirus. Anti-PRP (component of Hib) antibody 
titers were measured using & Farr-type radioim- 
munoassay (RIA), as previously described [9,10]; re- 
sponses to HB were determined using a modified 
Ausab® assay (Abbott Laboratories, N* Chicago, IL), 
as described elsewhere {11]. Antibodies against FHA 
[12] and antibody titers against T were, measured by 
ELISA [13]. Diphtheria toxoid antibody titers were 
assayed by using a neutralization test in comparison to 
a WHO antitoxin standard (14]. PT antibody titers were 
also determined by a toxin neutralization test on CHO 
cell culture [15]. The results are expressed as geometric 
means. The assays used were originally validated for 
analysis of human samples and adapted for testing 
monkey serum without further analytical validation. 

2.5. Statistical analysis 

At each time point, the estimated GMT ratio for the 
experimental vaccine group relative to the control 
group (Hexavac™/Hib + HB + DTaP-IPV) and corre- 
sponding two-sample 99% confidence interval for the 
true GMT ratio are calculated for the response to each 
antigen, assuming unknown but equal variances be- 
tween the two groups, lf a particular interval excludes 



Table I 



Protocol for preclinical irnmiinogcnicity testing of Hexavuc™ in rhesus monkeys 



Group 


n Age at dose 1 
. (months) 


Vaccine 


Injection schedule (weeks) 


Bleeding schedule (weeks) 


1 


8 C 6-12 


Hexavac™" 


0, 4. 8 


6, 4. 8. 10, a 50 


2 


8 4.8-10.5 


ActHlB*+RECOMBlVAX 


0.4,8 


. 0, 4, 8 t 10, * 50 






HB^+DTaJMPV* 







a Injection volume of 0.25 ml in one intramuscular site. 
b Injection in three separate intramuscular sites (0.25 ml each). 

* Serum samples from six of eight monkeys were available at the week « 50 time point. 
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the value 1, the corresponding comparison between 
Hexavac™ and Hib + HB + DTaP-IPV is statistically 
significant; otherwise, it is not. The reason for using a 
99% confidence level instead of the usual 95% level is to 
control the overall false-positive rate (per antigen), 
which is defined as the probability that at least one of 
th confidence intervals will exclude the vahie 1 by 
chance alone [16). 



3. Results 



3.1. Serum antibody response to vaccination 

Antibody titers to each component of the vaccine 
(except IPV) were measured at week 0, 4, 8, 10 and 
48-50 using sera from individual animals (Fig. 1). At 
week 4 (post-dose 1), there were no significant differ- 
ences between groups in antibody titers to any of the 
antigens tested. Similarly, at week 8 (4 weeks post-dose 
2), there were no significant differences among groups 
with the exception of the response to HB, which was 
significantly higher in the control group compared with 
the monkeys injected with the hexavalent combination. 
As shown in Table 2, at the 10-week time point (2 
weeks post-dose 3), there was a significantly higher 
response to three of the vaccine components (HB, D 
and pertussis toxin) in monkeys immunized with sepa- 
rate injections of Hib + HB + DTaP-IPV compared 
with the response of monkeys immunized with the 
hexavalent combination vaccine. Importantly, at the 
final time point (week 48-51), which is 38-41 weeks 
post-dose 3, there was no significant difference in the 
response to any component of the vaccines. 

3.2. Response rate to vaccination 

The percentage of responders to components of the 
vaccine was determined at each bleed time point. In the 
absence of established *seroprotective titers' for rhesus 
monkeys, the accepted human equivalents were used as 
shown in the legend to Table 3. For pertussis, there is 
no proven correlate of protection established for hu- 
mans, therefore, the percentage of seroconverters was 
used instead. As shown in Table 3, there was no 
difference in the response rate to vaccination with 
Hexavac™ compared with separate site administration 
of Hib + HB + DTaP-IPV except for the response to 
HB at the 8-week time point. At that time, only 37% 
(3/8) monkeys responded to Hexavac™ whereas 100% 
(8/8) responded to the control. These results are consis- 
tent with the analysis of the serological titers that 
showed a significant diff rence in anti-HBs titers at this 
tim . 



3.3. Adverse event monitoring 

Animals were monitored for . changes in weight or 
blood cell counts as well as- for injection site reactions. 
No adverse reactions were noted at the site of injection 
at any time point and there was no adverse effect of 
vaccination on the weight or blood cell counts of any 
animals (data not shown). 



4. Discussion/conclusion 

The results from the present pre-clinical evaluation of 
Hexavac™ indicate that there was a vigorous response 
to each component of the vaccine* Even so, there was 
evidence for interference in the peak response to HB, D 
and pertussis toxoid when the responses to Hexavac™ 
were compared with the control group. Four types of 
immune interference (antigen competition) have been 
described: (a) sequential; (b) intramolecular; (c) in- 
travirionic; and (d) intermolecuiar competition; 

• Sequential competition occurs when a second anti- 
. gen (or vaccine) is given shortly after a first antigen 

(or vaccine) [17]. This form of interference ts espe- 
cially relevant to vaccine dosing, schedules. 

• Intramolecular competition results from competition 
among peptides derived from the same protein for 
binding to MHC Class I or Class II molecules [18]. 

• Intravirionic competition results when one protein 
antigen within a virus interferes with the response to 
a second protein antigen within the same virus [19]. 

. This form of antigen competition can be circum- 
vented by dissociation of the virus into its compo- 
nent parts prior to immunization* 

• Intermolecuiar competition results when one antigen 
in a mixture interferes with the immune response to 
a second antigen in a mixture [17,20]. This form of 
interference is most relevant to the present investiga- 
tion; however, the mechanism by which this happens 
is unknown. One possibility is that one or m re 
components within the combination vaccine become 
unstable, perhaps due to excipients carried over into 
the vaccine with a separate component. However, 
extensive stability studies have been performed on 
Hexavac™ and the components that had reduced 
immunogenicity in the combination vaccine (HB, D 
and PT) were shown to be stable for several years 
(data not shown). Thus, the decreased response to 
certain of the vaccine components of Hexavac™ 
does not appear to be related to a loss of stability of 
these components, suggesting that the explanation is 
immune interference due to intermolecuiar antigen 
competition. 

Although the rhesus monkey model suggests that the 
response to Hexav c™ is marked by transient interfer- 
ence in response to the HB, D and PT components, 
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Fis. 1 . Antibody response to antigens from Hib, HB, D. T. FHA and PT In rhesus monkeys imm unwed with Hib + HB + DTaP-JPV at separate 
sites or with the howvalent combination vaccine (Htxavac™) at a single i.m. site. Monkeys were immunized at week 0, 4 and 8 and antibody liters 
were determined on scrum collected at week 0, 4, 8 and 50. Results arc expressed as the geometric mean with 95% confidence intervals. 



these apparent differences in potency are unlikely to 
translate into clinically meaningful difT rences since: (a) 
the response to each component of the vaccine is > 
100-fold higher than, the pre-immtinc titers; (b) the 



response rate post-dose 3 (percent seroconverters) is 
equivalent in the two groups; and (c) the difference in 
• titers elicited by Hexavac™ and the. control arm be- 
came indistinguishable over time. By study week 48-51, 
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Table 2 

Estimated ratios (Hexavac^/Hib+HB+DTaP-IPV) and 99% confidence intervals for the antibody response to Hexavac™ versus control 1 * 
Week (post-dose I) 



Antigen 


4 


8 


to 


-48^51 


HB 


0.69 (0.15, 3.21) 


0.06 (0, 0.8) 


0.1 (0.02, 0.063) 


0.3 (0.01, 37.61) 


Hib 


1.2! (0.2,7.16) 


0.9 (0.23, 3.56) 


0.76(0.23,2.56) ' 


2J4 (0,14, 36.74) 


D 


149(0.09, 25.11) 


0.47 (0.1, 2.1) 


0.27 (0.08, 0.86) 


0.66 (0.14, 3.04) 


T 


0.69 (&25, 1.95) 


1.17 (0.55, 2.49) 


0.83 (0.39, 1.79) 


0.61 (0.11, 3.4) 


FHA 


. 1.08 (0.58, X03) 


131 (0.38, 1.95) 


0.94(0.57. 1.57) 


0.6(0.2, 1.82) 


PT 


0.77 (0.38. 1.55) 


0.46 (0.19, 1.09) 


0.19 (O05, 0.82) 


0.65 (0.26, 1.64) 



8 Any confidence interval excluding the value "V implies a statistically significant difference. If the upper confidence limit is < 1, then the GMT 
of Hexavac™ is significantly less than the GMT of Hib+HB + DTaP-lPV. Statistically significant results are in bold type. 



Table 3 . 



Response rate to Hexavac* 1 " versus the control group 0 


Antigen 


Percent respondent (Hexavac™, control) at week: 








Pre 


4 


8 


10 


48-51 


HB. 


0.0 


D. 12 


37, 100 


100, 100 


83, 87- 


Hib 


12, 12 


100, 100 


100, 100 


100, 100 


83, 75 


D 


33,0 


17, 0 


100, 100 


100, 100 


. too, 100 


T 


' 0. 0 


0, 0 


' 100, 100 


100, 100 


100, 100 


FHA 


0,0 


0, 0 


100, 100 


100, 100 


100, 100 


PT 


0, 0 


62, 87 


100. 100 


100, 100 


100, 100 



0 Criteria for response: HB (> 10 mlU/mO; Hib (>0.l 5 mcg/ml); D (>0.01 IU/ml); T (>0.01 IU/mD; FHA (>4 U5/mI); PT (reciprocal titer 
>4). 



there was no significant difference in the antibody 
response to any component of the vaccine between 
monkeys injected with Hexavac™ versus separate site 
injection of Hib + HB + DTaP-IPV. The kinetics of the 
response also deserves comment. With the exception of 
the response to Hib, the titers to each vaccine compo- 
nent increased following each dose of vaccine. The 
reason for the immediate and vigorous response to Hib 
is not known, however, the. rapid response suggests that 
the monkeys may have been primed by prior exposure 
to Haemophilus influenzae or to a cross-reacting organ- 
ism. Subsequent injections of Hexavac™ did not signifi- 
cantly increase the high titers observed after the first 
injection, which were > 10 ug/ml. In previous studies 
[10], 18-22-month-old rhesus monkeys were found to 
respond earlier and with higher titers to a Hib vaccine 
(PedvaxHIB®) than 2-3-month-old monkeys. This sug- 
gests that the use of younger monkeys may enable 
better discrimination among Hib~containing vaccines. 

The response rate of rhesus monkeys that received 
three doses of the vaccine was 100% (at week 10). This 
compares favorably with the response rates seen in a 
clinical trial of Hexavac™ in which the response rate 
was 87-100% for each of the antigens [3]. However, the 
antibody titers achieved in rhesus monkeys were ^ 10- 
fold higher that titers attained in the human post-dose 
3. The magnitude of the response of the rhesus mon- 



keys to three doses of Hexavac™ was similar to that of 
human infants given four injections of Hexavac™ [3)1 It 
should be noted, however; that the small sample siz 
(n » 8 monkeys per group) is a limitation in the inter- 
pretation of antibody titers and response rates. With 
these caveats, the rhesus monkey animal model de- 
scribed herein may be useful in the evaluation and 
development of future combination vaccines. 
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Abstract 

The role of antibodies to the outer membrane protein PalA of Actinobacillus pleuropneumoniae in protective immunity was studied in 
pigs vaccinated with purified PalA alone and PalA in combination with toxoids of the RTX toxins Apxl and ApxII using an established 
challenge model with the virulent serotype 1 of A. pleuropneumoniae. Pigs that developed antibody titers against PalA after immunization 
were more significantly affected by challenge with A. pleuropneumoniae serotype 1 . Following challenge, pigs that were immunized with 
PalA showed more severe respiratory symptoms, had a higher mortality rate and died faster. They also displayed much more severe lung 
lesions after necropsy than animals not immunized with PalA. Pigs that were immunized with toxoids of the two cytotoxins Apxl and 
ApxII were protected against challenge with A. pleuropneumoniae. In contrast, the protective efficacy of the Apxl and ApxII vaccine 
was completely lost when it was supplemented with PalA. Hence, antibodies induced against the outer membrane protein PalA of A. 
pleuropneumoniae aggravated the consequences of infection and counteracted the protective effect of anti-ApxI and anti-ApxII antibodies. 
Due Co the high similarity between protein analogues of PalA from various bacteria of the Pasteurellaceae family such asP6 of Haemophilus 
influenzae or 1 6 kDa Omp of Pasteurella multocida. this deleterious effect of PalA in vaccination should be taken into consideration in the 
development of vaccines against infections with other Pasteurellaceae. 
© 2003 Elsevier Science Ltd. All rights reserved. 

Keywvrts: <*s\sr membrane pro tern; E*pcrimcma1 Infection; Antigenicity; Immunity; Vaccine; Porcine pleuropneumonia; PtuteureUaceas 



1* Introduction 

Actinobacillus pleuropneumoniae. a Gram-negative bac- 
terium of the family Pasteurellaceae* is the etiological agent 
of porcine pleuropneumonia* a severe contagious disease 
of swine with worldwide prevalence [1], To date, fifteen 
serotypes have been described which variously express three 
different cytotoxins belonging to the RTX toxin family: 
Apxl, ApxII, Apxin [2]. These toxins mainly determine the 
virulence of the different serotypes [3]. A fourth RTX- toxin, 
ApxIV, which is expressed by all serotypes of A. pleurop- 
neumoniae, was recently detected and shown to be produced 
during infection but not during culture in growth medium 
(4,5], Serotypes 1, 5a/b, 9 and 11, which express Apxl, 
ApxII and also ApxIV, are particularly virulent, while the 
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other serotypes which are devoid of Apxl are generally less 
virulent [3). Vaccination is an effective strategy for the pre- 
vention of porcine pleuropneumonia outbreaks. Recently, a 
new generation subunit vaccine, composed of the three ma- 
jor RTX exotoxins (Apxl, ApxTJ and ApxHI) and a 42 kDa 
outer membrane protein of A. pleuropneumoniae, has been 
developed and shown to give high protection against all 12 
major serotypes (serotypes 1-12) under experimental con- 
ditions (6,7) as well as in field trials [8-10]. Vaccination 
of pigs with the RTX toxins alone protects against mortal- 
ity but generally fails to reduce the typical A pleuropneu- 
moniae lung lesions, while the combination of RTX toxins 
with the 42 kDa outer membrane protein (42 kDa OMP) in- 
duced complete protection with regard to mortality as well 
as lung lesions [6]. The 42 kDa OMP is therefore a valu- 
able component of the vaccine. Among the OMPs of A. 
pleuropneumonias PalA is the most immu no-predominant 
antigen [11.12]. PalA is a 14 kDa protein, encoded by palA 
2R a precursor peptide which is processed by signal se- 
quence peptidase II and sorted by a peptide located signal 
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for the final localizati n of the mature protein in the outer 
membrane. PalA is conserved in all A. pleuropneumonias 
serotypes and induces a strong IgG response • in pigs natu- 
rally or experimentally infected with A. pleuropneumoniae 
[1 1). PalA shows high amino- acid (aa) sequence homology 
to the family of peptidoglycan associated proteins (PAL) 
of Gram-negative bacteria showing most similarity to the 
P6 protein of Haemophilus influenzae [11,13,141 and to the 
16JcDa Omp of Pasteureila multocida [15]. There is evi- 
dence that PAL proteins of Pasteurellaceae, in particular P6 
of //. influenzae, can act as protective antigens. P6 was there- 
fore suggested to be included in vaccines against H. influen- 
zae induced meningitis and avian cholera [1 5,1 6], Antiserum 
directed against recombinant P6 protein was shown to be 
bactericidal against clinical H. influenzae isolates, including 
highly pathogenic non-typable strains [17], Antibodies to P6 
give passive protection to infant rats against H. influenzae 
type b-induced meningitis. In the view of the importance 
of PAL proteins as potential vaccine antigens, we have de- 
signed the present study to analyze the role of PalA alone, 
and in combination wim toxoids of the RTX toxins Apxl 
and ApxU in induction of protective immunity against chal- 
lenge of pigs with a virulent A. pleuropneumonias serotype 
1 strain, 4074 T . 

2. Materials and methods 

2. 1. Bacterial strains, growth conditions and vectors 

A. pleuropneumoniae 4074 T (serotype 1 reference strain) 
used for PCR amplification of the palA gene, and A pleu* 
rppneumoniae serotype 1 strain l-L-452 used for challenge, 
were grown on solid Columbia broth agar (BBL Microbiol- 
gy Systems, Cockeysville, MD, USA) supplemented with 
lOmM p-NAD (Sigma Chemicals, St. Louis, MO, USA) 
or in liquid medium consisting of Columbia broth supple- 
mented with JOmM 0-NAD. In Order to avoid appearance 
of contaminating bacteria during re-isolation of A. pleurop- 
neumoniae from the challenged pigs, lungs and tonsils were 
first superficially decontaminated with a hot spatula before 
sampling with sterile tools from the inside of the tissues. 

Escherichia coli K-12 strain XL 1 -blue MRF (Stratagene, 
La Jollk, CA, USA) and £ coli B strain BL21 (DE3) (No- 
vagen, Madison, WI, USA) were grown in Luria-Bertani 
(LB) broth [18] at 37 °C in orbital shaker incubator. Ampi- 
cillin 100 jig/ml was added when needed for selection or 
stabilization of plasmids. Cloning vector pETHIS-1 [4] was 
used for the production of recombinant poly-histidine tailed 
peptides. 

2.2. DNA extraction, manipulation, cloning and 
sequence analysis 

Gen mic DNA from A, pleuropneumoniae was extracted 
by th guanidiumthiocyanate method [19]. Ligati n, gene 



cloning, plasmid extraction, restriction endonuclease diges- 
ti n and analysis of the DNA fragments, by agarose gel elec- 
trophoresis were performed using: standard protocols [18]. 
Plasmid extraction was done using the alkaline lysis method 
with the Miniprep kit (Qtagen AG, Basel, Switzerland). 
DNA sequencing reactions were performed with approxi- 
mately 500 ng plasmid DNA per reaction mixture and 5 pmol 
of primer. Sequences were determined with an ABI Prism 
model 310 genetic analyzer (Applied Biosystems, Foster 
City, CA, USA). DNA sequences were assembled and edited 
by using the Sequencher 3.0 program (Gene Codes Corp., 
Ann Arbor, MI, USA) to obtain contiguous sequences. 

23. Production of antigens for vaccines 

PalA protein from A. pleuropneumonia* serotype 2 strain 
S411 for vaccination was produced as described earlier 
and involved heat extraction in PBS buffer (Na-phosphate 
50 mM pH 7.5, NaCl 0.85%) for 1 la at dO^C, ammonium 
sulfate fractionation and separation by SDS-PAGE followed 
by electroelution [11]. The commercially available subunit 
vaccine, Porcilis App™ (Intervet International, Boxmeer, 
the Netherlands), was used as reference preparation for the 
titration of the Apxl and ApxU antigens. Apxl and ApxU 
proteins were prepared from supematants of A pleurop- 
neumoniae serotype 5b bacteria grown at 37 °C for 6h in 
Columbia broth supplemented with (JNAD 10p,g/ml and 
CaCl2 25 mM, Cells were removed by centrifugation and 
sterile filtration through a low protein binding 0.45 u>m fil- 
ter (Acrocap, #4482, Gelman Laboratory, Ann Arbor, Ml, 
USA). Apxl and ApxU were' subsequently concentrated by 
ultrafiltration on a 500 kDa MW cut-off polyether sulfon 
filter (Amicon, bioseparations, MUlipore, Bedford, MA, 
USA). Protein concentrations were measured by the method 
of Bradford [20]. Apxl and ApxTJ preparations were ana- 
lyzed by standard SDS-PAGE stained with Cooniassie blue 
[21] where they revealed a predominant band at 105 kDa in- 
dicating that Apxl and ApxU represented the major proteins 
(estimated to 90% of the total proteins) in the preparations 
[22]. 

For the vaccination of pigs, oHe -following vaccines were 
produced: (i) Vaccine I (PalA) consisted of 80 \Lg PalA pro- 
tein in 2 ml Diluvac Forte® adjuvant formulation (Intervet 
International) per vaccine dose, with 0.02% (v/v> formalde- 
hyde final concentration, (ii) Vaccine II (PalA +ApxI 
+ ApxU) consisted of 80 u,g recombinant PalA, Apxl and 
Apxfl in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0.02% (v/v) formaldehyde final concen- 
tration, (iii) Vaccine HI (Apxl 4- ApxU) consisted of Apxl 
and ApxU in 2 ml Diluvac Forte® adjuvant formulation per 
vaccine dose with 0.02% (v/v) formaldehyde final concen- 
tration; the concentrations of Apxl and ApxTJ in vaccines H 
and m were titrated by specific antigenic mass KT ISA and 
adjusted to the same concentrations of antigens in the com- 
mercially available vaccine Parcflis App™ corresponding 
to approximately 50 u.g of Apxl and 25 tig of ApxU per dose 
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(2 ml) of vaccine- (iv) Vaccine IV (Porcilis App™) was a 
positive protection control, using the commercially available 
subunit vaccine Porcilis App™ (Imervet International). 

2.4, Vaccinations and challenge 

Vaccination was done intramuscularly. For each vaccine, 
. three 6 weeks old SPF landrace pigs were immunized on 
day 0 (fcero) and subsequently received a booster vaccina- 
tion on day 28. Three control animals (group V) received 
injections of adjutants on the same days. Two weeks af- 
ter booster vaccination, on day 42, control sera were taken 
and then the pigs were challenged with A. pleuropneumo- 
niae serotype 1 strain l-L-452. The bacteria for challenge 
were grown for 6h and washed twice by centrifugation at 
10,000 x g for 15 min and re-suspension in the original vol- 
ume of PBS buffer. Pigs of all groups were exposed at the 
same time for 15 min to the bacteria in an aerosol using a 
De Vilbiss nebulizer [23]. After challenge, fever and respira- 
tory symptoms were recorded, Twq weeks later, on day 56, 
the pigs were slaughtered, unless they died of the infection 
or had to be euthanized prior to this date. Blood was taken 
on the day of immunization, on day 42 (prior to challenge) 
and from the surviving animals at day 56. Dead and euth- 
anized animals were subjected to post-mortem examination 
for typical lung lesions and recovery of challenge bacteria 
. from lungs and tonsils. 

■ 23, Production of recombinant PalA f His 

In order to specifically monitor the antigenic response 
to PalA in vaccinated pigs, we have produced an anti- 
genicalry specific recombinant peptide consisting of the 
hydrophilic central- and C-terminal part of PalA con- 
taining the 106 most C-terminal amino acids (1 1.54 kDa) 
fused to 6 N-terminal and 10 C-terminal histidine residues. 
The corresponding part of the palA gene was amplified 
using the oligonucleotide primers X89009-L (cgecatatg- 
CAAACTCGTTACACCACT) and X89009-R (cgcggatcc- 
GTATTCTAATACTGCACG). The primers were designed 
to contain recognition sites for the restriction enzymes 
Ndel and BamHl (shown in italic letters) by the addition 
of supplementary nucleotides (shown in lower case). This 
procedure allowed the PCR amplification product to be 
cloned into the Ndel and BamHl cloning sites of vector 
pETHIS-L PCR was carried out with a DNA thermal cycler 
(GeneAmp 9600; Perkin-Elmer Cetus, Norwalk, CT t USA) 
in a 50u.l reaction mixture containing 10 mM Tris-HCl, 
pH 8.3, 1.5 mM MgCl 2 , 50 mM KC1, 0.005% Tween 20. 
170 u*M of each dNTp, 0.25 uM forward and reverse 
primers, 0.5 units Pwo polymerase and 5 ng genomic DNA 
of A. pieuropneumoniae strain 4074. The amplification was 
carried out for 35 cycles (30 s denaturation at 94 °C, 30 s 
annealing at 50°C t I min elongation at 72 °C). The PCR 
product was purified using the QIA quick PCR purification 
kit (Qiagcn* Basel, Switzerland), cut with the restriction 



enzymes Ndel and BamHl and ligated to Ndel and BamHl 
digested pETHIS-1. Ligated DNA was transformed into 
K coli strain XLl-blue MRF and positive clones were se- 
lected by colony hybridization using a digoxigenin labelled 
DNA probe for palA [1 1], A positive clone, named pJFF- 
PalAlH, was sequenced to verify the integrity of the cloned 
segment of palA and the fusions with the poly-His codons 
of pETHIS-1. For biosynthesis of recombinant PalA'His 
peptide, plasmid pJFFPalAlH was introduced into £1 coli 
BL2J (DE3) for expression, which was induced by addition 
of ImM ETG at mid-exponential phase and incubation 
for a further 2J5 h. Following induction, the pofy-histidine 
tailed fusion protein PalA'His was purified from cell ex- 
tracts dissolved with 6M guanidine hydrochloride using 
Ni 2+ chelate affinity chromatography (Qiagen) according 
to the manufacturer's instructions. The bound PalA^His 
was el u ted by slowly decreasing, the pH from 8.0 tb"4~5 
with 50 mM potassium phosphate buffer, 300 mM NaCl, 
6M guanidine hydrochloride. Following elution at pH 4 .5, 
the fusion protein was dialyzed against 50 mM phosphate 
buffer, 300 mM NaCl, pH 7.5. The fractions were analyzed 
by standard SDS-PAGE [18] and protein concentrations 
were measured by the method of Bradford [20]. 

2.6, Serological assays 

In order to monitor the immune response to PalA in vac- 
cinated pigs* we have developed an imrnunoblot assay us- 
ing purified recombinant PaWHis as an antigen. Samples 
of 100 u,g PalA' His were separated on 14% SDS-PAGE 
of 8 cm x 8 cm and subsequendy blotted onto nitrocellu- 
lose membranes (BioRad, Hercules, CA, USA. product no. 
162-0112). The dried membranes were cut into 20 strips 
with a width of 4 mm in order to gel imrnunoblot strips 
each containing 5 tig of PalA'His. The strips were reacted 
with pig sera diluted 1 :500, using the standard imrnunoblot 
procedure [18]. Phosphatase labelled goat antibodies, di- 
rected against pig IgG (Kirkegaard & Perry, Gaithersburg, 
MD, USA; product no. 051401), diluted 1:2000, followed 
by addition of nitroblue tetrazoliom and bromochlorindoryl 
phosphate in alkaline phosphate buffer [18], were used to. 
visualize bound antibodies. Each lot of imrnunoblot strips 
was controlled using rabbit anti-Pal A antibodies [11] at a 
dilution of 1:1000 and phosphatase labelled goat antibodies 
directed against rabbit IgG (Kirkegaard & Perry, product no. 
075-1506) diluted 1:2000. 

Specific antibody titers in serum against ApxX, ApxII, 
Apxm and 42 kDa OMP were determined by indirect 
ELISA as described (24). This ELISA is based on the 
antigens Apxl, ApxE, ApxUI and 42 kDa. OMP that were 
purified from A, pleuropneumonia* strains with serotypes 
not related to die production strains used for vaccine anti- 
gen production, in order to avoid possible cross-reaction 
with contaminating polysaccharides. Concentrations f 
antigen preparations were determined in antigenic mass 
ELISA (toxins) or SDS-PAGE (OMP). relativ t reference 
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preparations. The antigenic mass ELISA determines the 
concentration in arbitrary units relative t the reference 
preparations. The concentrations of the proteins used for 
coating of the micro- titer plates for antibody ELISA were in 
tiie order of 1 pLg/rnl. Final adjustments were made depend- 
ing on antibody titers obtained with positive and negative 
reference sera. Routinely samples were measured twice and 
the mean values were reported. The differences of the two 
measurements were below 10%. 



3. Results 



}J. Immune response to PalA in vaccinated pigs 



Antibody responses after two vaccinations, measured 2 weeks after booster 
vaccination and before challenge 



Vaccine (content) 


Antibody titer agaifttt ftfitlg 




Apxl 


Apxl] 


ApxITJ 


42kDaOMP 


I (PalA) 


<2° 


<2* 


<10» 


<2^ 


IJ (PalA + Apxl 4- Apxll) 




2.6 


<2X» 




m (Apxl + Apxll) 


3.5 


2.6 


<Z0* 


<2.0» 


rv (PorcMs App™) 


3.2 


2;8 ' 


2^ 


2-4 


V (Control) 


<2.0° 




<ZQ* 


<2.0» 



ELISA titers are expressed as the logarithm (logjo) of the reciprocal of 
thft highest dilution of scrum with an OD above that <rf me preimrtiune 
serum for each pig diluted 1:100 as defined by [24]. Figures represent 
the mean values of two mea&utttments. 
0 Indicates below detection level 



The results of the analysis of anti-PalA antibodies in the 
blood sera by immunoblots with PalA'His are shown in 
Fig. 1. All pigs were free of anti-Pa! A antibodies before 
vaccination. Pigs vaccinated with vaccines I or II, which 
contained Pa] A alone or in combination with Apxl -f Apxll, 
showed a weak reaction 28 days after the first vaccination, 
and a strong anti-PalA reaction 2 weeks after the booster 
vaccination. One pig belonging to group II (#176), from 
which a blood sample was takerr befoni slaughter, showed 
an anti-Pal A reaction on day 56 (Fig. 1). Groups DJ and IV 
of pigs that were vaccinated with vaccine containing Apxl 



group 1 



-i r 



group 2 



#173 




#174 #175 

ocS 1 



176 #177 

rr MP 




. ml Hi 

group 3 



group 4 



* — 



#179 #180 #181 #183 #184 #289 





Fi£. 1. Serological analysis of anti-Pal A antibodies, tmraunoblot strips 
each containing 5 \i>g PalA'His protein incubated with the different sera 
before and after vaccination are shown. Figures in the horizontal position 
indicate the pig numbers, figures in the vertical position indicate days after 
vaccination. Group 1 included pigs #173, #174 and #175 vaccinated with 
vaccine I (PalA); group il included pigs #176. #177 and #178 vaccinated 
with vaccine II (PalA + Apxl + Apxll); group III included pigs #179, 
#180 and #181 vaccioaied with vaccine HI (Apxl + ApxID: group IV 
included pigfi #163, #184 and #299 vaccinated with vaccine (V (Porcilia 
App™. (Interva) containing Apxl, Apxll. A fall! and 42 kDa Omp). Note 
that pigs #173, #174, #175 and #177 died or were emhanked before the 
end of the experiment. Std: broad range pre^stained protein markers (New 
England B to labs. Beverly. Mass. USA* no. 77085); the position of the 
molecular masses of 25, 16.5 and 6.5 kDa arc indicated. 



-f Apxll or with the commercial vaccine respectively, did 
not show anti-PalA antibodies after first vaccination (day 
28) or after booster vaccination (day 42). One pig (#181) of 
group IH showed a very weak anti-PalA reaction 2 weeks 
after challenge on day 56, which is thought to be due to the 
challenge with A pleuropneumoniae (Fig. 1). 

The antibody responses to vaccination against Apxl, 
Apxll, ApxHI and 42 kDa OMP were as expected for the 
various vaccines containing these antigens, as shown in 
Table 1. The comparison of antibody titers against Apxl 
and Apxll after vaccination with PalA (group II) or without 
PalA (group III) added, showed that the serological titers f 
Apxl and Apxll werC not affected by the presence of PalA 
in the vaccine. 

3,2. Protection against infection with 
A pleuropneumoniae 

The susceptibility of the pigs to A pleuropneumoniae was 
assessed by challenge of a non-vaccinated group of pigs. In 
this group, all pigs showed high fever after the challenge 
as well as abdominal respiration and coughing, which are 
typical signs for pleuropneumonia (Table 2). One of the 
three pigs died 6 days post-infection. Upon necropsy, all - 
pigs showed lung lesions affecting, on average, 50-75% of 
the lungs. These results showed that the challenge with A. 
pleuropneumoniae serotype 1 strain resulted in typical signs 
of porcine pleuropneumonia under the given experimental 
conditions. 

The group of pigs vaccinated with the commercial vac- 
cine Porcilis App™ (vaccine IV) showed stgnificantly fewer 
clinical signs after challenge with low or no fever arid vir- 
tually no respiratory distress* No mortality occurred in this 
group and no or only minor lung lesions affecting less than 
25% of the lung were detected. These results testify to the 
high protection obtained with the subunit vaccine. 

In the group of pigs vaccinated with Apxl and Apxll alone 
(vaccine HI), a high level of protection against infection with 
A. pleuropneumoniae serotype 1 was observed. This was 
similar to the group vaccinated with the commercial subunit 
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Table 2 

Effect of challenge with A, pleuropneumonia* serotype 1 on pigs vaccinated with various vaccines. 



Vaccine (content) 



Pig oo. 




Respiratory distress 


Mortality (day p.l.) c 


Lung lesion -score 1 * 


Re-fcolarionF 
Long Tonsil 


173 




3 


+ (D 


4 


+ 


4* 


174 


nd 


3 ' .. 


+ 0) 


4 


+ 




175 


2 


3 


+ (2) 


4 


+ 


ConL 


avg 


2 


3 


3/3 (13) 


4 


3/3 


1/2 


176 


2 


2 


— 


2 


+ 


+ 


177 


0 


3 


+ <2) 


4 


CoiiL 


ConL 


178 


2 


2 


— 


3 




+ 


avg 


1.3 


23 


1/3 (2) 


3 


2/2 


2/2 


179 


0 


0 




0 






130 


0 


0 




0 






181 


1 


1 




OS 


+ 


















avg 


03 


03 


0/3 


0.2 


1/3 


2/3 


299 


1 


1 




1 


+ 




183 


0 


0 




0 




+ ' ' 


184 


1 


0 




■I 


+ 




avg 


0.7 


0.3 


0/3 


0.6 


2/3 


1/3 


185 


2 


2 


+ <6) 


4 




' + 


186 


2 


2 




2 






189 


2 


2 , 




3 




+ 


avg 


2 


2 


1/3(6) 


3 


2/3 


3/3 



1 (MA) 



II (PalA + Apxl + ApxII) 



m<Ap*I + ApxH) 



IV (Forcflfe App™) 



V (Cooiroi) 



* Scale iced: (0) oo fever (<40 9 C); (I) fever r>40-41 *C); (2) high fever (>41 °Q; (nd) could Dot be determined due to the rapid death of the animal. 
^ Scale used: (0) no distress, normal respiration; (I) increased respiration rate; (2) abdominal respiration and/or coughing; (3) dyspnea, 

c (+) Indicates dead pig or pig rothwnwnrl because of severe clinical signs {number in brockets gives the day of death post-infection); (-) indicates 
that the pig did not die. 

* Scale used: (0) no lesions; (1) 1-23% of the lung? affected; (2) 26-50% affected; O) 51-75% affected; (4) 76-100% affected (severe lesions), 

• B (*+) Indicates animal from which the challenge strain was re-isolated; Coot,; isolation of a. pleuropneumonias oot possible since culture was. 
contaminated by other bacteria; (-) indicates that no A, pkumpneumaniae could be isolated. 



vaccine. This group showed no mortality, only one pig with 
mild fever and increased respiration rate and virtually no 
lung lesions after necropsy. 

Vaccine H. containing PalA added to Apxl and ApxII, 
showed no protection. On average, the pigs showed clinical 
signs similar to the non-vaccinated control group. In this 
group, the mortality rate was similar to that of the control 
group. In addition, tung lesions in this group showed the 
same scores as in the non- vaccinated group. 

Vaccination of pigs with purified PalA alone (vaccine I) 
showed no protection* but rather severe symptoms and rapid 
death after challenge with A. pleuropneumoniae serotype 1 . 
All three pigs died within 1 or 2 days after challenge and 
subsequent necropsy revealed severe lung lesions. In com- 
parison with the non-vaccinated control group, vaccination 
of pigs with PalA alone resulted in a significant increase in 
mortality, three out of three PalA vaccinated animals died, 
compared to one animal out of three that died from the con- 
trol group (x 2 = 3.0; P = 0.08) (Table 2). Most significant, 
was th sudden death after challenge of the PalA vaccinated 
pigs one to 2 days post-infection, while in the control group 
one pig died 6 days post-infection (Table 2). Upon necropsy, 
all pigs vaccinated with PalA showed very severe lung le- 



sions (score4 with 75-1 00% of the lungs affected) compared 
to one animal out of three in the control group (Table 2). 

From pigs of all groups, the challenge strain could be 
re-isolated after necropsy from lungs and jrom tonsils, show- 
ing no differences between the control group and the differ- 
ent vaccinated groups. From a few animals, re-isolation of 
the challenge strain was hindered due to strong growth of 
other bacteria on the culture media (Table 2). 



4. Discussion 

The family of PAL proteins has been characterized as 
proteins constituting integral parts of the outer membrane 
of many Gram-negative bacteria. They are highly conserved 
within, given bacterial species. Moreover, they show strong 
similarities between different bacterial species. They are 
described as very strongly antigenic proteins in several 
pathogenic bacteria such as A. pleuropneumoniae [11]* H. 
influenzae [25,26], Legionella pneumophila [27), R multo- 
cida [15], Campylobacter jejuni [28] and Brucella abortus 
[29). The prototype of PAL, the peplidoglycan associated 
lipoprotein PAL of EL coli was shown to form complexes, 
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one type together with the outer membrane proteins IblA, 
TblQ and TolR, and a second type with the periplasmic pro- 
tein TolB, in order to maintain the outer membrane integrity 
by anchoring the outer membrane to the peptidoglycan 
layer [30]. Mutants deficient in the PAL protein appear 
to be debilitated for growth under certain conditions. A 
PAL-deficient mutant of Haemophilus due re i was shown to 
display a reduced capacity for pustule formation compared 
to its wild type parent when injected in human volunteers 
(31}. In addition, the mutant was more susceptible to the 
antibiotics Erythromycin, Cefotaxime and Ciprofloxacin 
than the wild type strain and could not be reisolated from 
pustules in contrast to the wild type strain [31]. The PAL 
proteins seemed therefore to be valuable targets for immune 
protection. Several reports of indirect evidence indicate that 
protein P6 (alternatively named Hi-PAL) of //. influence is 
involved in the induction of protective immunity against H. 
influenzae infections. They include studies showing that an- 
tibodies to P6 are protective in the infant rat model against 
invasive & influenzae type b [32]; the demonstration of 
bactericidal activity for H. influenzae of an antibody to 
P6 immunopurifled from human serum [33]; and the fact 
that rabbit antiserum raised to purified P6 is bactericidal 
for a broad range of H. influenzae strains including many 
non-typable & influenzae [16]. From these results it was 
thought that P6 might be a valuable subunit in vaccines 
against H. influenzae infections. Moreover, PAL of other 
pathogens were considered as appropriate antigens in vac- 
cines. However, no protection against avian cholera was 
btained by vaccination with recombinant P6-like protein 
from R multocida [34], 

In our approach to examine the effect of a PAL protein as 
candidate for a vaccine, we have taken advantage of a well 
established challenge model of pigs with A. pleuropneumo- 
nias to test the efficacy of PalA alone or PalA in combi- 
nation with known protective antigens as vaccines against 
porcine pleuropneumonia. In our study, a small number of 
animals were tested for ethical reasons and, therefore, it 
does not allow for thorough statistical analysis. However, 
our data clearly show that pigs, which developed antibody 
titers against PalA after immunisation, showed more sig- 
nificant symptoms, a much higher mortality and died much 
faster after challenge with A. pleuropneumoniae than un- 
vaccinaied control pigs. The more severe lung lesions found 
after necropsy in the PalA vaccinated group further high- 
lighted this observation. Hence the higher mortality and the 
faster occurring death in the PalA vaccinated group seemed 
to be an aggravation of the pleuropneumonia and was not 
due to secondary effects like septic shock. The difference in 
protective efficacy between die vaccine containing Apxl and 
ApxII and the vaccine with Apxl, ApxII and PalA is of par- 
ticular interest- The pigs vaccinated with the two cytotoxins 
Apxl and ApxII were well protected against challenge with 
A. pleuropneumoniae serotype 1, like the group that was 
vaccinated with the commercially available subunit vaccine 
Porcilis App™. In contrast, the protective efficacy of Apxl 



and ApxII vaccine was completer/ lost when it was supple- 
mented with PalA, as sh wn in the .group of pigs vaccinated 
with vaccine IL Hence, PalA antibodies significantly reduce 
the protective effect of anti-ApxI and anti-ApxII antibodies. 
The mechanism behind this negative effect of PalA on pro- 
tective immunity is not known. However, we rule out the 
possibility that PalA would have had a negative effect on the 
induction of antibodies against Apxl and ApxII, as the anti 
Apxl and ApxII titers are the same in- the presence or ab- 
sence of PalA. Since PalA is well conserved in all serotypes 
of A. pleuropneumoniae, the effect is expected to occur with 
any of the serotypes. 

Although the limited number of animals used did not al- 
low us to perform dose-dependence studies, we conclude that 
PalA should be absent in vaccines against A. pleuropneumo- 
niae. Our study does not permit us to extrapolate whether 
other PAL antigens such as P6 of H. influenzae would yield 
similar effects. However, PalA shows very high similarity 
to P6 of H, influenzae (73% identical and 82% similar aa) 
and to P6-like protein of P. multocida (72% identical and 
97% similar aa). Vaccination with other PAL proteins could 
therefore result in similar negative effects, or as in the case 
of the P6-hke protein of R muUocia% give no protection 
[34], When using whole cell preparations of bacterial cul- 
tures (bacterin vaccines), it must be noted that the concen- 
tration of PAL proteins varies depending on the mode of cul- 
tivation and preparation of the bacteria; and might therefore 
vary from one batch to another. Consequently, this could be 
an explanation of the variations in protective efficacy of cer- 
tain bacterin vaccines, which are currently observed. Since 
the negative effect of PAL proteins in vaccines seems to be 
non-predictable, it would be advisable to avoid PAL pro- 
teins m vaccines unless specific evidence for a positive ef- 
fect on protection is found. The existence of such negatively 
acting components gives further support to the need for de- 
velopment of well defined subunit vaccines against bacterial 
infections. 
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